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*' The time %8 not far distant when science atid manipulative skill must be 
joined togetlkcr.** — Humboldt. 

** Whatever tre wish to see introduced into the life of a nation must first be 
introduced into our schools." — Humboldt. 

** What we need in this country is a oorbbot publio opinion on the relation 
of education to industry.**— J vdqh MoAbtbub. 

** No scheme of technical education is likely to be seriously entertained which 
will delay t?^ entra/nce of boys into working life or prevent them from contribu- 
ting to their own support as early as they do cU present.** — Huxlet. 



PEEFACE. 

The solicitations of several prominent citizens of Balti- 
more, earnestly interested in its welfare, and of other friends 
specially concerned in the development of our American 
railroad system, who, after examining the manuscript of 
this report, believed that the data therein contained would 
materially and beneficially affect the educational work of 
Baltimore and of our railways generally, have determined 
me to give these pages a wider circulation than merely 
among the officials of the Baltimore and Ohio Railroad 
Company, for whose information they were primarily 
written. 

In doing this I should much prefer re-arranging this 
data, so that the publication might show no relation what- 
ever to the Baltimore and Ohio Railroad Company, but 
other demands upon my time prevent this revision. 
Though, for this reason, material collected for my own 
purposes and deductions therefrom are embodied in an 
official report, it is to be distinctly understood that no one 
but the writer stands committed to the statements or 
views therein contained ; the responsibility for which he, 
as a private citizen, solely accepts. 

W. T. BARNARD. 



BALTIMOBE AND OHIO BAILBOAD COMPANY. 



Service Report on Technical Education, 



WITH 



SPECIAL BEFEBEKCE TO BALTIHOSE & OHIO S. B. SEBYICE. 



BaUimaref October 1«/, 1886. 

Mr, Robert Garrett, 

President Baltimore & Ohio Railroad Company, ^ 

Sir:— 

June 7th, 1881, the General Counsel of the 

Baltimore & Ohio Railroad Company invited your attention ck)^e"n Mc^m"'"*^^ 
to a scholarly and thoughtful address on technical educa- uSTraent Sf*J tech- 

•f ^ nlcal school for 

tion, delivered before the Maryland Institute, June 4th, ^yl^ll^uSiiS^it^l' 
Hon. S. Teackle Wallis, and, referring especially to so much empioVei* ^ 
thereof as related to the establishment in Baltimore of a 
technical school for scientific and mechanical instruction, 
Mr. Cowen said : 

** I hare always thought that the Baltimore & Ohio Railroad Company did 
not have enough of educated talent in its service, and that, among its artisans 
and mechanics, there«hould be more scientific knowledge than can now be tound 
in our various departments. 

'* It strikes me that there is no one in the city so much interested in the estab- 
lishment of such a school as Mr. Wallis indicates in connection with the Mary- 
land Institute as the Baltimore & Ohio Railroad Company. 

*' I presume you have a hundred or more apprentices at Mount Clare, and 
have thousands of artisans along your entire road, who should have received a 
first-class education at some tecnnologioal school, who have never received any 
such education at any place of instruction, and have simply an empirical knowl- 
edge gained from practical work. 

** As Mr. Wallis justly says, the 'practical man,' so called, has bad his day, 
and is fast going to the wall under the law of the ' survival of the fittest.' 

''On all mechanical subjects there is an amount of learning which can be 
obtained from schools, and cannot be obtained in any other way, and beyond 
question the Railroad Company should endeavor to avail itself of the class of 
men who have had this early training. 



'* There is no way in which this conld be so well done as by having a com- 
petent technological school in the city, the students of which could be taken into 
our service from time to time, and would certainly elevate it very much by the 
application of the learning derived from skilled instructors. 

** I wish you would look at the subject, both as an officer and a citizen, and 
see whether there is any way in which you can aid in the establishment of such 
a place of instruction for the deserving artisans and mechanics of the city/* 

No record of ^ careful search amongst the voluminous records of this 

u^non'SSinfca?' Company fails to show that the necessity for a higher 

education torB.k . j j n t/» a* /• -x x» i_ j i_ /• ^r • 

o. employes. Standard oi qualifications for its operatives had, before this 

communication, found official expression, even if it had 

engaged the attention of the Company's officers. Indeed, 

technical education in mechanic arts had then but slightly 

scfemiflc in- attracted public attention in this country, except locally 

structiou in me- ^ J ^ ^ J 

itSn^c'yr^u^s!* ^^ as the result of endowed institutions for combined 

scientific and manual training, such as the schools at 

Worcester, Troy, Boston, Hoboken, et ah ; this notwith- 

Technicai train- staudinc the fact that, as early as July 2d, 1862, Con- 
ing provided for ° , ' *^ j 7 7 

JJjf^"*'"®** **» gress — contemplating especially the promotion of practical 

education of the producing classes — had made liberal 
grants of land to the several States in aid of the establish- 
ment of schools for scientific instruction in agriculture and 
mechanical pursuits. 

Some time subsequently you requested me to make this 

subject — thus forcibly brought to your notice — one of 

vice-preat Gar- sDCcial investigation and recommendation. My time beine 

rell calls for Bpo- ir o •/ ^ o 

l?nd report rpon** ^hcu wholly occupicd iu organizing the Relief Association, I 
of ^e^mS^iy eS^. was uot able, at the moment, to give it more than cursory 

eating R. R. em- , , •ii* ij • y ' a 

pioyea. aud casual consideration, except as to some special points 

upon which reports were, from time to time, rendered — e.g.. 
upon the necessity for a laboratory for testing raw and manu- 
factured materials used in construction, and for experimental 
work in engineering and in mechanical physics — resulting in 
ac^^^il!SfanT°'the establishment of the chemical and physical laboratory 
tl?iy*i?Mtfc2?e. at Mt. Clare. Meanwhile our present Vice-President, Mr. 

Samuel Spencer, having been assigned to the direction of the 



physical operations of the service, was enabled to correct 
many (and to favorably influence other) practices which 
were operating detrimentally to the Company's interests ; so 
that there seemed to be no special urgency for this report. 

Since retiring from the executive management of the 
Relief Association I have, as press of other engagements 
permitted, given the subject of technical education in its 
RELATION TO RAILWAY SERVICE ^^ the special inveatigation 
and study " you requested, and herewith submit, as briefly 
as its importance permits, the results of my labors. 

Also, at an earlier date, taking advantage of the erection 
of a new passenger-car shop at Mt. Clare, I recommended 
that sufficient space be included in its outbuildings to serve 
temporarily as class-rooms for the theoretical instruction _ .. ^ 
of apprentices, and, having been so provided, those rooms Jt^SS SrSJ*"' 
are now utilized for the Employes' Circulating Library, and cuJJe!'^^^ ** ^** 
for instructing classes of apprentices in accordance with the 
program announced in your Executive Order No. 6, of 
January 15th, 1885, hereto appended [Exhibit A], which 
was designed to be initiatory of the plan of instruction 
recommended in this report. 

At the threshold of an inquiry into the status of tech- 
nical education at the present day, the investigator will be 
astonished no less at the magnitude of the subject than at 
the revolution it has caused in the trade relations between trSrreiauSn? 
competing sections of the same, and between different, tog^^fidu^tion.' 
countries ; always in favor of those utilizing its efficient 
aid. One has only to peruse, in the leading English and 
Continental newspapers and periodicals, the legislative de- 
bates, governmental, municipal and trade reports and edi- 
torials on this subject, constantly published, to realize the interest taken in 

i_ J • • A i_ • V • -n • It in England, Ger* 

overshadowing importance which, m Europe, is now at- n»"y» «w. 



tached to technical instruction, not only by manufacturing 
and commercial interests directly aflfected by it, but per- 
haps to a greater degree by the foremost statesmen and 
political economists of the day ; as witness the writings 
of such noted authorities as Profs. Huxley, Ayrton, 
Siemens, Kennedy, Solly, et al.y the debates in Parliament, 
and the attempts of Prince Bismarck, of Germany, of 
Lord Salisbury and other English treasury officials, to 
solve, through its agency, the great social problems affect- 
ing the masses of their densely populated countries. 

In order to acquire such thorough knowledge of what 
has been, and is being, done in this field as would enable 
me to make intelligently the recommendations called for, 
it became necessary to study an extensive literature, and 
also, by inspection of home and foreign schools, by per- 
cimracter of m. soual investigation among the principals and workmen of 

Testlgatlon Into - ., . ^ i» • x i. • i 

8tntu8 of technical those accessiblc corporations and nrms enlorcmg technical 

instruction of a practical character, and by witnessing 
their methods of applying it, to determine its economic 
results. In this work I was ably assisted by Messrs. 
C. W. Scribner and G. P. Coler, who, upon the inaugura- 
tion of class instruction for apprentices, were appointed 
instructors at Mt. Glare. The principal schools and 
places visited and inspected in the performance of this 
instHuuons for dutv wcrc I Stcvens Institute, Hoboken, N. J.; Massa- 

technlcal educa- •' 777 

chusetts Institute of Technology, Boston, Mass. ; Worces- 
ter Free Institute, Worcester, Mass. ; Columbia College, 
N. Y. ; Cooper Union, N. Y. ; Philadelphia Manual 
Training School, Philadelphia; Spring Garden Institute, 
Philadelphia ; Chicago Manual Training School, Chicago ; 
Maryland Institute, Baltimore ; Baltimore Manual Training 
School, Baltimore. Abroad, at London, the Central Institu- 
tion of City andGuilds of London Institute, Finsbury College, 



tion 111 America 
investigated. 



Institutions for 
technical educa- 
tion In Europe in 
vestigated. 



Young Men's Polytechnic Institute and the Birbeck Insti- 
tute ; at Manchester, Mather & Piatt's Workshop School, 
Owens College and the Manchester Technical School ; at 
Oldham, the School of Science and Art ; at Leeds, York- 
shire College ; at Newcastle, the Elswick School of 
Science, connected with the extensive works of Sir William 
Armstrong & Co.; at Bradford, the Bradford Technical 
College ; at Nottingham, the University College and the 
People's College ; at Glasgow, the College of Science and 
Art, Allan Glen's Institution and Anderson's College ; at 
Edinburgh, the Science and Art Museum ; at Crewe, the 
Science School of the London & Northwestern Railway 
Company ; at Paris, the School of Arts and Trades ; at 
Nuremberg, the Royal Industrial School ; at Munich, the 
Royal Industrial School and the Polytechnic School ; at 
Zurich, the Polytechnic School ; at Mulhouse, the Trades 
School, the Professional School and the School for Spin- 
ners and Weavers. 

It is therefore to be understood that the recommenda- 
tipns herein contained for the application of technical 
instruction to our own service are founded on careful 
investigation and study of technical institutions at home 
and abroad. Recognizing that a more forcible and con- 
clusive presentation of such a complex subject would be rewSmendLuoSs 



aud conolualons 



secured by the citation of pertment facts and conclusions herein contained 

_ were reached. 

reported by or drawn from the experience of those who, 
by reason of special training, study or unusual facilities 
of observation, are acknowledged to be competent authority 
on the subject, rather than by advancing personal views, 
I have, in the preparation of this paper, freely used parlia- 
mentary and U. S. Governmental reports, and other 
authoritative publications on technical instruction. 

Our researches — which, it will be noticed, have com- 



passed a broad field — ^have so impressed me with the 
vital imporumce vital importance of technical education, not only to the B. 

of tecbulcal eda- '^ t J 

Sdu^mfSnY** & 0- Company, but to other industrial and commercial 
^.mmerciai intor- ijjtgj.ggtg ^f Baltimore, and the Unit^ States in general, 

and with the almost universal ignorance of its potency 
displayed by those in our community whom it would 
most beneficially affect, that I have deemed it a duty to 
collate the salient results of our labors into a form that 
may possibly exert a favorjible influence upon other inter- 
ests besides that in whose behalf those labors were under- 
taken. To do this effectively such a report must take a 
much wider range than was originally contemplated, and 
even then the magnitude of the subject is such that it can 
only be considered a shdch ; but it is hoped its matter will 
compensate those interested in the subject for its length : 
the uninterested would not peruse a less elaborate state- 
ment. 
cuamcter and For obvious reasons this report is divided into, first, a 
port. sketch of the effects of technical education in Europe ; 

second, a review of its progress and present status in the 
United States ; the third part will show the need of more 
thorough and extended technical instruction in Baltimore ; 
the fourth, the advantages which the B. & O. Company, 
in common with other railway interests, would derive from 
a thorough system of this character ; and the fifth offers 
a program for inaugurating systematic technical instruction 
in our service. 



ErrECTS OF TECHNICAL INSTBUCTION IN EUROPE. 

In Europe the necessity of technical education for indus- 
KuroV»er{ly'irSe trial laboFcrs, felt and freely acknowledged many years 

ago, was lorced into prominence through the increasmg 
rivalry between manufacturers and other producers com- 



IVchuicAl odu« 
cHtloii forced Into 
Iti'omlimnoo, in 



peting with like articles in the same markets. la order 
to counterbalance the advantaged some engaged in a given 
industry enjoyed through the possession of cheaper raw 
material, labor, prestige or favorable situation, their com- 
petitors of foreign — and even of the same — nationality 
were compelled to look to improved methods of manu^ 
facture or production for ability to hold their own, and 
were thus brought to realize that educated labor and 
technical skill were the soundest elements with which to 
defend themselves in trade competition, in that they pro- 
mote excellence of execution, inventiveness, enterprise, 
and all the qualities required to successfully conduct pro- 
gressive industries. Under this pressure producers and 
manufacturers, through their guilds and other associa- 
tions, were soon able to exert an influence upon their govern- 
ments which has resulted in every European nation's making 
greater or less provision for public industrial education; 
until at this time not only England, France, Germany, i^J^^I'SJj,^^^^?^;;' 
Austria, Switzerland, Holland and Italy, but all the minor *^ ***'^^'®' 
Continental States, have their governmental schools for 
both elementary and higher technical instruction ; and even 
Russia— so far behind all other nations of Europe in 
elementary education — has found it necessary, in order to 
maintain her home industries, to make quite liberal pro- 
vision for the maintenance of mechanical and manufac- 
turing schools, and has established two great Imperial 
technical institutes— -one at St. Petersburg and the other 
at Moscow — which are classed as amongst the finest in 
Europe in point of equipment and ample means. The 
encouragement which that government is giving industrial 
education has been supplemented by the action of leading 
Russian railroads, which have established schools for their 
people at their principal works. 
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While in France will be found the best examples of 
what may be termed higher elementary schools, in which 

Elementary 8Cl- •; . ° ,, i , 

rDF?aifc*ii'°***°'* *"® children of artisans, small shopkeepers, etc., are 

afforded opportunities of obtaining an education which is 
technical in so far as their studies are specially directed 
towards the requirements of commerce, mechanical or 
manufacturing industries, and while in nearly all the 
modern French schools — of which that at Rheims may be 
taken as the best type — the laboratories for teaching 
practical chemistry, and the equipment of other special 
departments which teach the technology of the trades form- 
ing the staple industries of their respective districts, leave 
nothing to be desired, it is in Germany and Switzerland 
that the movement for industrial education has attained 
its highest development. In the latter country the British 
obfiervauous Of Royal Commissiouers found the value of its technical 

comraissioners on schools — the beueficial results of which were elsewhere more 

the effects of sci- 

\SanBtrMlniiu ^^ 1^88 problematical — distinctly illustrated in the marked 

improvement of manufactures; in the elevation of the 
producing classes; in the diminution of crime; in the 
popularization of education, and, generally, exercising a 
most important influence upon the nation's industries and 
welfare. In summarizing the results of their investigations 
in Germany, they remark that the conviction is universal 
among the German people that they can only meet the 
competition of their rivals in other countries by training 
their workmen in taste and skill, and that the prosperity 
of their industries will increase only in proportion as they 
keep up the eflSciency of their schools and spread their 
influence among the workers themselves. In support of 
this conclusion, extended inquiry shows that Germany 
and Switzerland, especially, are filling up with techno- 
logical and polytechnic schools, many of them of a very 



Germany and 
Kwltzerlaud. 



high standard of instruction and usefulness. The poly- 
technic institute at Zurich [Exhibit B] may be cited as 
illustrative of this class of schools, which aim to combine 
theoretical and applied instruction in all branches of 
industry where scientific knowledge and skill in applying it 
are desirable. So successfully has this plan been worked 
out at Zurich that students from all parts of the world 
seek admission to its institute; and, referring to it, the 
British Commissioners say they had opportunity of judging 
of the advantages which it has bestowed, not only upon 
Switzerland, but also upon Germany, by the number of 
thoroughly trained scientific men it has educated who are 
now holding important positions in various industrial 
establishments which they visited. A similar institution 
is that at Munich. [Exhibit C] 

The direct and indirect effects of technological schools Direct and ludi- 



upon the industries of their respective countries were, oological schools' 
immediately upon their establishment, felt to be beneficial 
in the highest degree. Their graduates were eagerly 
sought out to fill important and responsible positions in 
manufacturing and commercial establishments, many of 
which had sustained serious losses through the ignorance 
and consequent bad management of administrative ofScers ; 
and this inquiry soon far exceeded the supply. As the 
result of this appreciation of, and demand for, skilled la- 
borers and supervisors, many enterprising corporations, and 
even private firms, engaged in manufacturing and other 
industries dependent for their successful operation and 
development upon intelligent direction and skilled labor, 
individually organized scientific schools and training classes 
in connection with their works. Some of these private 
schools excel most governmental and municipal institu- 
tions of similar character in enterprise, progressiveness 
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and immediate practical results. The conductors of 
technoiogicaridu- many of them claim that the best results are obtained 
vate firms and cor. where intimate relationship between the school and 

porailODS. ^ t 

the actual workshop is maintained^ thereby facilitating 
the adaptation of theoretical training to the needs of the 
pupils and the character of the work on which they are 
engaged. As illustrative of this method of combining 
practical and theoretical education, I cite the schools in 
successful operation at the mammoth works of Sir William 
Armstrong at Elswick ; at the great works of the London 
and Northwestern Railway Company at Crewe (where 
more than 9000 men are employed and 600 apprentices 
and young journeymen attend the evening classes) ; and 
that at the works of Messrs. Mather & Piatt, extensive 
iron manufacturers at Manchester. These are but examples 
of a large class of schools conducted in connection with 
manufacturing establishments which follow this system of 
education, and it is reported that a large additional number 
of corporations and firms, encouraged by the increased 
profits realized by those who have adopted it, are arrang- 
ing to inaugurate similar instruction at their works. 
Tostimouy na to As thc forecoing statements may contain somewhat 

ivliat technological o o ^ 

com^iiSfed.** *'^' startling propositions to those who have given the subject 

slight consideration only, it may be well to crte from 
authentic testimony as to what technical education has 
accomplished. 
At crefeid. Prua- Crcfcld, P^ussia, a city of about 80,000 inhabitants, 

duatry. rcHes almost entirely upon the silk industry for its support, 

and its revenue therefrom amounts to more than £4,200,- 
000 (over $20,000,000) annually. Its leading merchants 
and manufacturers unhesitatingly affirm that this great 
industry is very largely dependent for its success on the 
influence of their technical school, which is one of the 
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best of its kind in all Europe. They declare that, among 
other benefits resulting from the school, it raises the 
tone and increases the knowledge of rising manufacturers 
and foremen, and by spreading technical education broad- 
cast among industrious and ambitious artisans, very 
materially widens the field from which successful mana- 
gers and specialists may be chosen. 

Mulhouse, Germany, affords another illustration of the At Muinouse. 

^ ^ Germany, for tex- 

fact that an industry may largely depend upon technical '"« mauufactures. 

education. Its leading manufacturers claim that their 

textile museum, by its facilities for education, has exerted 

a most important and beneficial influence upon the leading 

industry of the district, some even going so far as to say 

that the trade could not in any degree prosper without the 

influence of this museum. Its principal citizens say that 

the town owes its great prosperity to the commercial and 

scientific knowledge principally acquired by its artisans in 

technological institutions, and to the commendable public 

spirit and enterprise of its citizens in promoting general 

technical education among all classes ; also that this action 

has exercised a marked influence in suppressing trade la suppresBiDir 

• 1 . I.- 1. 1. 1 i. .• 1 J- J /• trade J©alou8le». 

jealousies, which have almost entirely disappeared from 
this community. 

Testimony to the same effect is given by employers at 
Verviers, Belgium. They claim that technical education At verviers. Bei- 

" "^ glum, InmaiutalQ- 

is a great help to its industries. Their competition with enliVwrtofu '' 
other localities is very sharp, and the President of its ro^nutactures. 
Chamber of Commerce has publicly testified that their 
chief hope in maintaining pre-eminence as spinners and 
manufacturers rests on the superiority and not on the 
cheapness of their productions. This community has felt 
none of the evils of the late labor troubles in Belgium. 

Chemnitz, Saxony, is another city that freely acknowl-saxoSyfS?\te*tex- 
edges the benefits resulting from technical education. The 



\ 
/ 
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British Royal Commissioners declare that to the Chemnitz 
weaving school should be credited the variety and excellence 
of the textile manufactures of the district.' The zeal of 
the inhabitants of Chemnitz for technical education will be 
appreciated when it is stated that up to 1883 they had 
contributed over $440,000 for the support of their indus- 
trial schools. In their conversations with managers and 
foremen there, the Commissioners were informed that the 
importance of technical education was everywhere acknowl- 
edged in Saxony. One of its largest employers said that 
the influence of the schools upon the industries of Saxony, 
by increasing the intelligence and skill of the artisan class, 
could not be too highly estimated. [Exhibit D.] 
EffectB Of tech- In the city of Roubaix, France, considerable attention 

iitcal education at ^ ' ' 

Roubau, France, j^g^ h^eti given to tcchnical education. Mr. M. Carlos 

Delattre — a member of a commission appointed by the 
Mayor to investigate its effect on the industries of the town 
— said that during the ten j^ears their technical weaving 
and dyeing school had been in operation, great progriess 
had been made in the dyeing industry; that in every 
establishment where the sons of employers, foremen and 
workmen attended the classes, good results followed; 
that in the dye-works many of the young men can now 
make their own preparations ; that there is less need of 
suj>e7'vision ; that e(xmomy in production has resulted from 
attendance at the school ; and that fewer mistakes have 
been made, and more reliable and efficient work has resulted 
from its teachings. 
Training school The traiuinff school for marine engineers at Amsterdam 

was established by private enterprise, in consequence of 
the great need for skilled engineers in its merchant navy. 
Owing to the ignorance and incompetence of the men who 
had charge of the machinery of their vessels, shipowners 



tor marine engi 
neers at Amster 

rlAID. 
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of Amsterdam suffered grievous losses, until they finally 
decided to found a school for training men to take proper 
care of their steamers. The originators of this school 
gladly testify to its economic value. (Second feeport of 
Royal Com., Vol. I., p. 112.) 

France has, of late years, been particularly active in 
making provision for technical education. An important F/iJ^SS^iXstril" 
report on the wool industry of Prance states that so great Id^uc^uJ)^^*'"'*''*^ 
have been the mechanical improvements during recent 
years that since 1867 the cost of wool-combing has fallen 
off 25 per cent.; that since 1851 the cost of spinning has 
decreased more than half, while during the same period 
the wages of spinners and piecers have increased 40 per 
cent. The report, after stating that the improvement in 
weaving has been still greater, says: "In 1851 the goods 
were irregular and imperfect, while as eariy as 1878 they 
had almost attained perfection, with half the manipulation 
and double the wages paid. to the workmen." 

It is commonly acknowledged by the proprietors and 
managers of mines that young men who have been Gdu-^^Eirecte^of eduM- 
cated in technological schools heat their boilers better and"*®""**®'^*^*'*®''" 
with less coal than do the other workmen, and that their 
scientific knowledge enables them to escape many accidents 
and to avoid stoppage of machinen/ and repairs. They are 
therefore very much sought after as firemen, and command 
higher wages than common firemen, because their services 
are more valuable to their employers. The Royal Com- 
missioners mention the fact that several of the principal 
colliery firms of Europe have organized mining schools in 
connection with their works, and so convinced are the rest 
of the Continental colliery proprietors of the beneficial 
effects of this character of education that like schools are 
being generally established in the coal districts. 
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The generally recognized superiority of German artisans 

in the construction of roofs and bridges, both as to cost of 

construction, safety and durability, is to be attributed to 

Superiority of t^e superfor techuical knowledge of her mechanics, which 

nler?ngcoMi?uc" cnablcs them to secure the necessary stability with the 

tlon due to technl- . i-i.. 

^r^mSchani^s^^ least consumption of materials and the mmimum expendi- 
ture of labor. 

Comparing the worsted industries of France and England, 

the British Industrial Commissioners admit that France 

has far surpassed Great Britain in the manufacture of 

DepreBsionof woolen goods. They say that while English depression 

manu*LTiJ?2ldue iQ the woolen trade has been attributed to two causes — 

to superior tecbnl- -Ji ii_ n i t • x« a» 

cai education of VIZ. : the greater cheapness of labor m competing countries, 

as represented by longer hours and lower wages, and the 
superior technical education of their foreign rivals — the 
cheapness of labor had very little to do with the depres- 
sion, the real difference being found in the superior training 
and skill of the workmen of foreign nations, together with 
some minor local advantages on the side of the French 
manufacturers. They also say that since the establish- 
ment of a technical school at Bradford, equipped with 
various departments, qualified teachers, and the best 
obtainable apparatus and machinery for teaching designing, 
weaving and dyeing, the result has been that British all- 
wool goods of several varieties are taking their stand in 
English and foreign markets in open competition with 
those French and German goods which, but four years 
ago, seemed to enjoy almost a monopoly of public favor, and 
that, as a consequence, Bradford manufacturers are now 
operating as profitably as their rivals in any country. 
[Exhibit E.] 
lechSuSi u-aining ^^^ manufacturers of Nottingham are unanimous and 
?uMsSN2ttini'^" emphatic in their testimony as to the important influence 
e as ^^ technical training upon their industries. They say that 
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without this training some of their art^prod actions could 
scarcely have come into existence. The linen manufac- 
turers of Belfast acknowledge that their ability to compete 
successfully with foreign nations in the more artistic pro- 
ductions depends on the higher training of their employes. 

The beneficial results of high scientific and technical 
training on the chemical-color, beet-root sugar and alkali 
industries are especially noted by the Royal Commissioners. 
(Sec. Rept, Vol. I, pp. 222-9.) They say that the beet-root 
sugar manufacture, which is a great source of wealth to 
Holland and yields large profits to firms engaged in that Effects of acienti- 
business, often dividends of 100 per cent, is a striking ^/{jjjj^'^^j^^^™*- 
illustration of the rise and successful operation of a most 
important industry, depending upon the intelligent applica- 
tion of the scientific principles of engineering and chemistry. 

The firms and corporations of Europe that have been 
foremost in securing skilled workmen have been most skuiea workmen 

... . ixp* J improve methods 

successful m their enterprises. As a result of improved ?' manufacture k 

^ *^ Increase profits. 

methods of manufacture and new discoveries made by 
their trained employes, large profits are often realized by 
such employers. 

In short, it is the testimony of all who have studied the 
subject that technical schools, when rightly directed, give Techni schools 

,«,. , •-.., .1 . promote sclentlHc 

wonderful impulses to industnal pursuits by promoting J2^®^^{8»"^'> «»<* 
scientific investigation and methods. Although at first 
this influence afiects only those who attend the classes, it 
soon makes itself felt throughout the entire body of work- 
men of the community to which the school belongs, and 
the increased interest in scientific subjects on the part of 
employes, thus developed, in turn reacts to the pecuniary 
advantage of their employers; because mechanics who 
have been trained in the scientific principles that underlie 
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their handicrafts are thereby enabled to understand the 
technical publications a!ffecting their trades, and to utilize 
new inventions and improved methods of work ; while men 
uneducated in the rudiments of science ignore ^uch sources 
of knowledge and, quite naturally, oppose all improvements 
as innovations calculated to work injury to the laboring 
classes. Cultivate a laboring man's intelligence to a point 
where it recognizes improvements and comprehends their 
nature ; his opposition ceases, and he will himself likely 
" invent improved processes, which will inure to his employer's 
benefit. 

The truth of this is exemplified in the history of the rival 
silk industries of Lyons and Switzerland. The skill of the 
weavers of Lyons in the use of hand-looms was marvel- 
ous, but they combined no intelligence with it, for they 
had no scientific training. They clung tenaciously to 
those looms — relics of their ancestors — ^long after the 
introduction elsewhere of power-looms, and thereby almost 
wrecked the silk industry of Lyons. A leading merchant 
oMhe surfodifs ^^ *^^* ^^^y^ ^° speaking of this fact, recently said : " They 
iJ^re?euuou*onhe ^^^® ^^h however, both masters and men, fallen behind the 
tboJS oVm)?ai:fac"- timcs iu enterprise, clinging to traditions and old-fashioned 

methods, while their competitors have been organizing 
factories and teaching their workpeople the use of the 
power-loom, and other economic inventions. During the 
last ten years Lyons has, consequently, lost very much of 
its trade." Their enterprising Swiss competitors, on the 
other hand, engaged highly trained teachers, who brought 
to bear upon their work the scientific principles taught in 
the polytechnic schools from which they graduated, and 
introduced the inventions of which they there acquired 
knowledge. As a consequence the cantons now surpass 
Lyons in many kinds of weaving and in dyeing, as they 
do other trade centres in various industries. 
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Technical education has been the means of attracting 
capital not only to specific localities, but to countries. Technical educa- 
Indisputable evidence of this is found in Switzerland, and **** 
notably in Zurich, the manufacturing town above cited. 
For years a technical school has been conducted in this 
town at government expense, and when recently the 
Federal Council was disposed to lessen the usual grant for 
its support, the manufacturers showed, by undeniable 
evidence, that this single institution had in a few years 
been the means of bringing capital to the country to the 
extent of millions of pounds sterling. 

Other and even more forcible illustrations of like char- 
acter might be cited ad infinitum^ and can be furnished, if 
desirable, but they are substantially covered by the British 
Royal Commissioners, who, in summing up the results of 
their study of the effects of technical education on the con- TtoBr. n^.yHi 
tinent of Europe [Exhibit F], say that they cannot repeat J^i*g^^«,«fl^«j^,;;V 
too often how strongly they have been impressed with the wli^m^^^^'u^ 

I'liT Jx-L'ii ij i»xi- X special Industries. 

general intelligence and technical knowledge of the masters, 
managers and workmen of Continental industrial estab- 
lishments. They have found that both classes, as a rule, 
possess sound and liberal knowledge of the sciences and 
principles upon which their industries depend ; that they 
are familiar with every new scientific discovery and inven- 
tion of importance, and can and do apply them to the de- 
velopment of their special industries, adopting not only the 
improvements and inventions of their own countries, but 
also those of the world at large. 

They further testify that a few years ago the question Technical edu.». 
of technical education in England would have been a «po«-iment«i 

C3 Stage In England. 

debatable one, but that now no argument is needed to con- 
vince English employers of its importance ; that it has 
been tried and has given the highest satisfaction ; that in 
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\dhM^ii\i\'Siu'^^^^^y ^^^ *^^ great industrial centres — in the metropolis, 
Slu^^lSd Mt" in Glasgow, in Manchester, Liverpool, Leeds, Bradford, 
scboota. SheflSeld, Nottingham, Birmingham, The Potteries, and 

elsewhere— more or less flourishing schools of science and 
art, of various grades, together with numerous art and 
science classes, are to be found in successful operation, and 
that their influence may be traced in the improved pro- 
ductions of the localities in which they are placed; in 
the decreased consumption of crude material, and in 
saving of time required for the performance of labor. 

In short, one cannot study the present condition of 
European nations without being thoroughly convinced of 
the great economic value of scientific training to their 
industries, morals, and all that tends to shape the afiairs 
of the world to their advantage and to the happiness and 
prosperity of their people. 

Further testimony on the economic value of scientific 
prorHuxie^on kuowlcdge iu counection with the staple industries is 
IJf'iSuflo knowu furi^i^^ by ^^^ well-known Prof. Huxley, who, answering 
®***®* * the question, " What bearing do you consider that 

superior general culture in Germany has upon the in- 
y dustries of Germany ? " said : 

'^ The bearing of it, if 1 do not misapprehend the mMter, is this : The devel- 
opment of industry under its present conditions is almost entirely the effect 
either of the application of science, or of the development of mechanical pro- 
cesses of complexity, requiring a great deal of attention and intelligence to 
carry them out ; and I do not think I am wrong in supposing that the advance 
of industry in all countries depends on employers being able to find to their hand 
persons of sufficient knowledge and sufficient flexibility of mind to be able to 
turn from doing the thing they have been doing and to do something different, 
according to the nature of the improvement that has been made. It is there, I 
apprehend, that the advantage of such scientific training as can be got in those 
small universities of Germany is manifested. Scientific training is of infinitely 
greater import&nce in the case of such a man than literary training, because no 
amount of literary training ever enables a man to understand what it is to deal 
with facts at first hand ; it does not conduce to that habit of mind which is most 
useful to a man in the practical affairs of life. Scientific training does conduce 
to it, though it may not produce it." 

hSL^ouz**^' ▼<"* Prof, von Helmholtz also points out not only the general 

advantages, but the absolute necessity, of employing, as 
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heads of departments, persons conversant with the theory 
of their work, and able, by virtue of their scientific knowl- 
edge, to anticipate results, and to calculate beforehand 
the quantity and quality of material required, as compared 
with those who, lacking such attainments, are compelled 
to adopt— often at greatly increased cost — the more empir- 
ical methods of repeated trial. 

In short, it is almost universally testified by the observ- ^j^^^SStSiim^" 
ant that technical schools have supplied a long-felt want JpSSSlSte aSlfdl 

/i,.j •I'x i_i_ i_ J AAi veloplng Industrial 

for trained specialists, who have been, and constantly are^ arta. 
the source of unexpected economies ; not alone because, 
through their scientific knowledge, superior training and 
habits of thought and observation, they are able to antici- 
pate results, and to give intelligent direction to their 
subordinates — inspiring them with interest, and often 
enthusiasm, in the discharge of their duties — but also 
because, through the utilization of the latest discoveries of 
science, they improve methods of production, turning out 
superior articles with marked economy. Through the 
agency of such schools originality has taken the place of 
servile imitation ; decaying industries have been revived, 
and new ones promoted ; while they have exerted a most 
marked influence in developing the intelligence and skill, 
and consequently in securing the permanent prosperity, of 
the industrial classes generally — the people by whom the 
work of the world is done, and upon whom national, no 
less than corporate and individual, wealth depends — by 
enabling them to develop the sources of wealth peculiar to 
each country. 

Ability on the part of laborers to understand something 
of the principles that underlie their various handicrafts is 
productive of good results, not only through lessening the ea^gi promoteTth© 
cost of production, but also m advancing the welfare ol the pioyes as weu a* 

''■ of employers^ 

employes themselves, by enabling employers to pay better 



Bducatlon pro- 
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wages for articles of superior workmanship and manufac- 
ture, from which they derive greater profits. 

During its last session, the British Parliament was com- 
TiiTthrtit."'''''^^ pelled to take into ^'serious consideration'' the condition 

of the overcrowded districts of London and other large 
industrial centres, and the debates in the House of Com- 
mons developed an almost unanimous opinion that only 
through government furnishing, in some form or other, 
additional facilities for industrial education lies the tem- 
poral salvation of their idle population — semi-paupers 
through lack of knowledge of how to work. While our own 
General Government is not parental, in the sense that Euro- 
pean Governments are, our State and municipal govern- 
ments do, in theory, very nearly approa^^h that relation- 
ship, and can exercise their functions in no more beneficial 
way than by fostering the industrial education of their 
people. 

In his report for 1868, the French Minister of Public 
Instruction gave testimony as to the valuable results of 
technical training as follows : 

"Science continues its discoveries, and every day places at the disposal of 
Industry new and serviceable agents; but iu oraer to be applied, those agents, 
which are sometimes very delicate and sometimes very powerful, require to be 
skillfully handled. This is the reason why, in the present day, industrial prog- 
ress is so intimately connected with educational progress, and why questions 
which it is the duty of the University to examine and to solve have acquired so 
great an importance as regards the material prosperity of a nation." 

A most noteworthy example of the truthfulness of this 
statement is found in Switzerland — a country beautified by 
Nature with lakes and mountains and a climate that have 
made it the beloved of artists and poets, but denied ports, 
navigable rivers, canals, mines, fertility, or those other 
natural gifts which are the usual foundation of the 
prosperity of other civilized States. Yet from among 
those sterile rocks there are yearly exported industrial 
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products not only in excess in value of all the importations 
of the cantons (including the two hundred and odd millions 
of francs' worth of goods which they purchase from France 
alone), but more than sujfficient also to cover the cost of 
internal administration. Industrial education alone can 
claim the credit of elevating this nation — which in former 
times cultivated mercenary warfare as its sole occupation — 
to the first rank in those manufacturing industries requiring 
individual skill and intelligence. 

I cannot more forcibly close this section of my report 
than by the following quotation from the work of the 
eminent scientist, engineer, builder and educator of Great 
Britain, J. Scott Russell, on Systematic Technical Educa- 
tion FOR THE English People, 1 869 : 



" I ma^ add that in every country where technical education has taken root 
and had time to bear fruit, 1 also ftnd unquestionable proofs of the rapidity with 
which increased intelligence and enlarged knowledge bring increai^e in employ- 
ment and remuneration. From my personal experience, I may say that within 
the last twenty-five years I have seen large branches of commercial trade leave 
one country and plant themselves in another, because the workers of the one 
were educated and those of the other uneducated. And I have watched nations 
rising into imix>rtance and power by education and by the order, organization 
and efficiency which education bestows ; and other nations lagging behind and 
losing their place by reason of their unwillingness to educate either the higher 
or lower classes of their people." (P. 76.) 



DEVELOPMENT OP IHDU8TEIAL EDUCATIOH IN THE UNITED 

STATES. 

If the results of an educational system can be ascer- 
tained from a close inspection of those industries in which 
the mass of a country's population is engaged, and in 
which their knowledge is displayed by the fruits of their 
labor, it will be found that the national system of popular 
education in the United States fails entirely in accomplish- 
ing its mission, in several important particulars. For ex-^^^^nc"*^^^*" 
ample, in the public schools our youth are, as a rule, JuSiiiS.*'^"**^*** 
entirely untaught in even the rudiments of industrial 
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occupations, and upon passing from the school-room are 
generally utterly incompetent, unassisted, to earn a liveli- 
hood in any trade or pursuit requiring manual dexterity. 
Even our high schools leave their graduates to drift, by 
accident or unintelligent direction, into avocations gener- 
ally foreign to their abilities, and, as a rule, with few ex- 
ceptions, unequipped with that character of knowledge or 
expertness without which a comfortable living becomes 
difficult — prominence impossible. It is commonly accepted 
as fact that a good elementary education such as is 
afforded by our public-school system gives a child that 
which will carry it well along in life ; but this is true only 
of agricultural, or at most of sparsely settled districts, 
and is then true only within limitations. In the crowded 
countries of Europe, and in our own Eastern and Middle 
States — wherein labor and industrial problems already 
closely approximate those in Europe — there is an in- 
creasing recognition of the fact that, though good school 
tuition is always important, to be effective it must be 
School training Supplemented by such technical knowledge and training as 

should b« supple- rr ^ o o 

Si k^wisdS?'''' ^^^1 enable the student to survive in the battle for ex- 
istence — which is deadliest in those sections where dense 
populations cause the sharpest and most active competi- 
tion. In other words, the tendency of our public schools 
is — by elevating pupils above their actual or probable 
stations in life, and prompting in them desires and aspira- 
tions of which there is little chance of fruition — to turn 
Public schools^ out a laree class of consumers, who fail utterly of success 

turn out consum- ^ 7 •/ 

ers. not producers, ijj ^j^^ professious and kindred occupations, under condi- 
tions which, had their efforts been directed to mechanical 
or other industrial pursuits, would have n>ade them efficient 
producers. Most of the education acquired under our com- 
mon-school system is temporary and only preparatory for 
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Buch higher studies as do result in business qualifications ; 
whereas, to be of immediate benefit to the masses, school 
education should of itself give the graduate an earning 
capacity. Says Judge Mac Arthur, in a recent and inter- 
esting treatise on popular education : " To graduate one 
taught to think only, is like sending a ship to sea in charge 
of a navigator, without a single person on board who can 
understand or execute his commands.*' 

Knowledge and mental discipline alone do not con- 
stitute all of education. To be practical and useful to tio^ilhoSw^nciJie 

. fi .1 V . .V • T Ti_ J J the ouHlT*Mon Of 

most of those who must earn their own livelihood, educa- physical dextentj. 
tion must also afibrd physical dexterity, with special 
reference to the industrial pursuits of life. As the result 
of this absence of instruction of a practical character, a 
remarkably small percentage of our public-school gradu- 
ates, in the Middle and in the Southern States engage in 
any kind of manual labor. 

Recognition of this lack of utility in our educational 
system has, of late years, become quite general, resulting 
in variously directed efforts to engraft upon our higher- 

... . ° *^ . Higher educA- 

grade institutions industrial and scientific instruction, and *>o»*y ^j«*^«^^^ 
the colleges and schools whose curricula embrace those tmo'iMtfuottonf''" 
subjects which fit our boys and girls to participate in the 
practical work of life are now rapidly increasing. There 
have long existed in the United States a certain number of 
educational institutions wherein special attention is given 
to technical and scientific training in mining, civil and 
mechanical engineering, applied mathematics, physics and 
the natural sciences, which are fully equal to the best of 
similar schools in Europe. Among the most prominent 
of these are the School of Agriculture and Mechanical 
Arts of Cornell University, the School of Mines of 
Columbia College (N. Y.), the Massachusetts Institute o^J^JnuSSlMSruo- 
Technology , the Lawrence School of Science in connection "***** 
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with the Harvard University, the Pardee Schools, the 

Stevens Institute at Hoboken, the Rensselaer Polytechnic 

Institute, and the SheflBeld School at Yale ; but the high 

tuition fees charged by these and similar schools make 

instruction therein available only for the wealthier classes. 

In addition to those institutions which afford special facili- 

Eiemeutary ' ties for advauccd instruction and oripninal research in science 

iJgeB^ VwdSmSi" and the mechanic arts, in most of the States elementary 

and high aohoou. g^j^jj^^ jg jjq^ taught iu numcrous colleges, academies and 

high schools. While this instruction, in point of cost and 
preliminary educational qualifications, is generally within 
the reach of the masses, the subjects taught and, as a 
rule, the manner of teaching them, have but little practical 
bearing on industrial pursuits. However, in the last few 
years considerable progress has been made in introducing 
a substantial help to industrial education — that of manual 
training schools — and already their feasibility and desira- 
bility as a feature of popular education have been practically 
demonstrated. Well equipped schools of this character 
are to be found in St. Louis, Chicago, Toledo, Philadelphia 
and Boston. 

The secret of the popularity of this kind of education 
Popularity of is to be fouud iTL the natural and practical combination it 

manual training -'^ 

schooie. makes of intellectnal and manual training. Both thought 

and action are developed equally, and the skill acquired 
at school, together with the respect for industrial pursuits 
there fostered, makes their pupils useful, wealth-producing 
citizens. 

The success of the manual-training schools at Chicago 

and St. Louis, and most other points where inaugurated, 

succeaa depend- has far cxcccded the sanguine expectations of their origi- 

oSgh un^dersM^nd- nators. That our own Baltimore school, as appears by 

Ing of objects tor ^ m. x ^ 

tetosuiSu»3u*''^* the dissensions in its management, to which so much 



vision- 
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publicity has recently been given, has not been equally 
successful, simply proves that the objects for which it 
was instituted, and the methods by which practical tech- 
nical education is to be accomplished, have not been 
understood by those controlling its policy and operations. 
The results that have already been achieved elsewhere 
by kindred schools prove that efforts to combine mental m^SriS*m?imai 
and manual training are not visionary, while the liberal arj'l^*"*^'*^' 
patronage which such schools, properly conducted, have 
uniformly received, is abundant evidence of the demand 
that exists for the training they afford. But these 
schools can each provide for only two or three hundred 
boys at most, while there are thousands more — equally 
anxious to receive the same kind of instruction and equally 
meritorious — who are denied, through lack of facilities, 
their equal rights to public mechanical instruction. 

A few years ago the United States Commissioner of 
Education requested a number of large and experienced 
employers of labor, and others qualified to form reliable 
opinions on the subject, to express their views upon the 
comparative value of educated and uneducated labor in 
America. Answers were received from many men whose 
acknowledged ability and experience entitle them to con- 
sideration as authorities upon the subject of this report, 
and I therefore invite your thoughtful perusal of the few 
selected answers printed in Exhibit P. The evidence thus 
accumulated by Commissioner Eaton shows a very general 
concurrence on the part of our farsighted employers in the 
foreign testimony above outlined ; but there seems to be 
far less appreciation in the minds of our statesmen and 
educators of the fact that, by making public-school instruc- 
tion — which has by elevating the general intelligence 
measurably increased the productiveness and efficiency of 
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labor — preparatory to special technical training, they will 

not only directly promote the nation's industries, but also 

make general education far more popular with the masses. 

Pursuant to the idea of avoiding ex-parte evidence in 

this report, in further analyzing the state of technical 

education in the United States, I am fortunately able to 

wm^^Maihi? of ^^ail of the labors of Mr. William Mather, who, as the 

nfcS^e^ii^tioMu representative of the British Eoyal Commissioners charged 

with an examination into industrial and technical education 
in America, patiently and exhaustively investigated, not 
long ago, the educational and industrial institutions of the 
United States. Mr. Mather is an accomplished expert in 
technical education, and from no higher source could dis- 
interested and unprejudiced testimony on the subject be 
obtained. Extracts from his report are given as appendices, 
and a few of his observations upon our educational system, 
peculiarly pertinent, are here quoted. 
Says Mr. Mather : 

" It is much to be deplored that in the majority of institutions in America 
where science is taught in the abstract, there are no departments arranged for 
such technical training as exists in some I have described. 

'* The demands made upon those which give technical instruction are greater 
than they can satisfy. This accounts for the high fees charged, and also for the 
fact that the advantages of such technical schools are in the main confined to 
the sons of wealthy manufacturers or professional men. 

• •••••••* 

''All these evidences of scientific skill (American mechanical contrivances) 
speak well for the methods of education in the recent past, so far as it goes; but 
other influences, such as 'necessity the mother of invention,' and the presence 
in America of foreign experts, will account for much of the rapid growth in the 
mechanic arts. 

"It is, of course, in the more recent structures and modern mechanical 
appliances that the evidence of scientific truths and methods is observable. 
The rough-and-ready contrivances of early railroad development indicate 
originality and ' mother wit * ; but in the waste of material and crudeness of 
design may be noticed the absence of technical or scientific training on the part 
of those who conducted extensive engineering or mechanical operations in those 
days. The gradual diffusion of science is very marked in the rapid reconstruc- 
tion, during recent years, of the great railroads of the past, and in the new main 
lines. Also, in railway plant generally the old is being replaced by the new, 
and the latter exhibits high theoretical knowledge combined with practical 
ingenuity. 
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** The Americans undoubtedly' owe to European engineers the rapid advance 
they have been able to make in their public works. The conservation of water- 
power for the use of the mills at Lowell and Lawrence, in Massachusetts, is due 
to the eminent hydraulic engineer, Mr. Frances, an Bnglishman, who practised 
for 40 years in America. The water-rights of a district are held in trust for the 
whole community bv a board or corporation elected for the purpose. The power 
is distributed accoraing to the share which ma)|r be purchased or rented by the 
users, but regard is had to the rights of all, and its utilization reauires great skill 
and knowledge to prevent loss of power. Mr. Frances has haa charge of this 
important work for many years, and is deservedly esteemed as the highest 
authority on hydraulic engineering in America. Although a lucrative field was, 
in the early days, open to European engineers and machinists having a thorough 
scientific knowledge of their profession, yet it is evident that they found apt 
scholars, who, as they acquired some theoretical science, launched out into new 
paths untrammeled by the traditions of the older countries. 

• ••♦•«••• 

*' It would appear that employers and foremen no longer value the labor of 
boys under 17 years old in machine shops. There is, in fact, a marked dis- 
couragement shown by managers of most of the works I have visited to the 
employment of bojrs. The assistant manager of the Edgar Thompson Steel 
Works ' thinks boys under 18 years old ought to be at schod.' He was educated 
at the School of Mines, Columbia College. The whole tendency is to ene^age 
boys as they do men, only for what they are worth. The evil of this will be 
severely felt in the future, if not mitigated by great changes in education, for 
the reason that many boys are obliged U> leave school at 14 or 15, and if they are 
not allowed to enter the skilled trades they will be thrown upon casual employ- 
ments or unskilled pursuits for temporary gain and a livelihood. Thus a mass 
of incompetent and unskilled laborers would grow up incapable of going out 
West, and would become a drug upon the labor market of tne East. It is un- 
doubtedly a shortsighted policy on the part of employers to discourage the 
employment of boys, without aiding those movements which, in the form of 
industrial schools, would enable a bov to qualify for service at 17 years old at 
a higher rate of wages than he could probably get at that age but for this 
training. 

• •••••»•« 

** The future development of American industries will depend upon a population 
not compelled to dare and endure and experimentalize for ' very life.' In the 
past the waste of material has been excessive. To make the best use of a given 
quantity of material requires a sound knowledge of its properties and of its dis- 
posal in the arts and manufactures by scientific methoas. In this direction the 
technical and science schools already instituted have accomplished much in 
providing foremen and managers, chemists, miners and intelligent employers in 
the engineering and manufacturing industries. Some extensions of these institu- 
tions are now being promoted. One significant indication of progress in this 
direction was afforded me during my travels. I attended a convention of about 
a thousand teachers, professors and principals of schools and colleges, at Sara- 
toga, and another similar gathering in the White Mountains. The discussion 
of technical and industrial training was the chief feature of the conventions. 
I was much impressed by the high qualities of culture and character which 
distinguished this truly * Grand Armv of the Republic ' in its 800,000 teachers, 
as represented at these meetings. li: this force should be directed by a change 
of tactics, so to speak, in the schools, to scientific and technical instruction, and 
to less concentration upon purely literary subjects, there can be no doubt that 
America will solve the industrial-education question more rapidly than any 
other country, and utilize it in the further development of her inexhaustible 
resources. 

** It must not be supposed that Nature has bestowed her gifts oyer this continent 
in such wise that tney can be enjoyed without much skill and labor in the 
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gathering of them. No ooantry offers more difficult problems to the engineer, 
the agricultnrist and the manu&cturer. A olimate of extremes ; a scarcity of 
water in the West ; the difficulties of cheap transport and distribution, all require 
the highest qualities of self-reliance and endurance, with scientific knowledge, 
in the progress of the future. 

*' It IS mmarkable that, in the great centres of the mining and iron-producing 
districts, where also a large amount of mechanical construction is earned on, as, 
for instance, in Pittsburgh, Chicago, Detroit, Cleveland and Philadelphia, so 
little has been done by the owners of large establishments, or by the town or«State 
authorities, in the direction of technical schools or evening science schools. 
These industries represent a large proportion of the working population in those 
large cities, and yet the owners of works have to rely upon the scientific knowl- 
edge obtained through many institutions remote from these districts. Pittsburgh 
is lamentably devoid of facilities, either in the shape of libraries, museums, 
science schools or technical schools, notwithstanding that the manufacturers 
have enjoyed the benefits of, and accumulated vast wealth from, highly nrotected 
industry. There is not even a public library in the city, although tnere is a 
population of about 200,000. 

*' In Cleveland a movement is being promoted to establish a technical school. 
I have already stated that Chicago is building a manual-training school. 

''It is a noteworthy fact that, among all the many munificent gifts which 
have been made by pnvate individuals for the cause of education, amounling in 
the aggregate to many millions sterling, very few have emanated from those 
who have derived their wealth from the scientific industries, all of which have 
been protected and owe much of their success to foreign skill. On the other 
hand, merchants, bankers and professional men are largely represented in the 
noble list of benefactors connected with some of the best educational institutions 
of the country. 

** I have not met with any institutions for technical training having any 
bearing on the textile industries. The knowledge of chemistry acquired at the 
various institutions which I have described is, of course, utilized more or less in 
d veing, printing and bleaching ; but there are no schools in which the knowledge 
of the nature and qualities of fibres, and of the various processes in working up 
the raw material — silk, cotton or flax — is taught. In all the manufactures 
into which taste and design enter, the Americans have to rely almost entirely 
upon European aid. It is intended, however, so I am privately informed, to 
establish, in one of the centres of textile industry, a large institution in which a 
thorough and comprehensive industrial training will be given in textile manu- 
facturing, together with that theoretical knowledge which is necessary to the 
production of the highest quality of fabrics. 

'' I have not included the Southern States in my investigations by a personal 
Tisit to the various important towns, for the reason that education, for the 
present, is at a low ebb m that part of the oountipr. There is, however, a very 
strong movement already apparent for the promotion of mechanical and textile 
industries iu the South. The enormous resources of some of the States — Alabama, 
for instance — where mineral wealth abounds, have attracted capital for the rapid 
development of various manufactures. This, together with the proximity of the 
cotton-growing districts, points to a development, in the near future, of many 
industries which, until recently, were unknown in the South. ♦ ♦ • The 
different colleges established by the assistance of the * Land Grant ' appear to 
have done good work, in connection with agriculture, in the South, in teaching 
the elements of science and in providing a liberal education for those students 
whose means have enabled them to attend. The mechanical arts have had less 
attention in such colleges than in similar institutions in the North, in consequence 
of the difference in the occupations of the people. 

** The institutions for the advancement of the workpeople, other than schools 
and colleges, are not numerous in America. The long hours of labor (at least 
60 hours a week) leave but little leisure for the working classes either to study 
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or to seek recreation. There is no half holiday on the Saturday. There are 

no holidays during the year of more than one day at a time, and that only a few 

times in the year. Libraries and reading-rooms, although amply provided in 

most cities and towns, are not available as universally as in England. Clubs ^ 

and recreative institutions, promoted by the employers for the employed, are not 

prevalent. There is not much interest manifested by employers generally in the 

social condition of the people. This may be accounted for by the number of 

joint-stock companies.'* 

If the few institutions affording technical education now 
in operation in the United States have been able, in a 
short time, to accomplish so much in those branches of 
mechanical industry in which Americans are confessedly 
pre-eminent, as is shown in the testimony from which 
extracts are appended to this report; if, through our 
inventive and mechanical ingenuity we are, as Mr. Mather 
and other intelligent foreigners say, taking high rank in 
those arts and manufactures to which fertility of resource 
and invention is most effectively applied — and that, too, 
notwithstanding our totally inadequate provision for in- 
dustrial education — with what hope might we not look 
forward to equal or greater pre-eminence in other arts and 
industries of which their technical schools have given 
foreign countries a practical and profitable monopoly ? 

That our national prosperity has been greatly promoted 
by the pre-eminence of certain of our manufactures in the our nationsr 

•^ ■*■ prosperity not due 

markets of the world is undeniable, but that this successful ^*jj^jj}^^<jj\."*- 
competition has been due not to the superior intellectueiX*^ ^^^' ^^^^^ 
cultivation, or even the manual skill, of our native artisans^ 
but to very different causes — such as abundance and quality 
of crude material ; superior facilities for economical manu- 
facture; the aid of imported skill, and those natural and 
untaught qualities to which Mr. Mather and others pay 
such high tribute — is likewise easily demonstrable ; and it 
is sad to reflect what greater success might have been 
achieved by combining therewith that high degree of 
intelligence and skill that European natipns, under the 
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compulsion of competition, are sedulously cultivating in 
their industrial classes. We must soon place greater 
dependence upon the quality, finish and unique designs 
of our exported products for success in unprotected 
foreign fields, and it will be well for us to profit now by 
the experience of our rivals across the Atlantic. It is 
wiser and cheaper to discount defeat than to repair its 
effects. The season of prosperity is the best time to 
provide against the depression which, with certainty, 
follows ; and the knowledge and skill of the specialist are 
most efficiently and economically applied to an industry in 
its infancy or when it is in a depressed condition. 
indMttS"JSS>uf From the foregoing it will be noted that the careful, 
whSt^ffiifbT thorough and extensive investigations of the English 
?Slu?2S^IB^^n Government, supplemented by the published observations 

of individual students of recognized ability and accuracy, 
have resulted in the uniform testimony that polytechnic 
and other science schools in Europe and the United States 
have, without exception, stimulated national and local 
industries, manufactures and trades, and, in a large pro- 
portion of instances, have transplanted or developed new 
industries. Even the few — and not selected — illustrations 
of this fact which the compass of this report permits to 
be made therein, bear forcible testimony to the achieve- 
ments of such schools [Exhibits F, 0, and Q] , and are sug- 
gestive of the profit which our more populous districts — 
and especially those seaboard cities which, as the termini of 
our great trunk lines, become the focus for many manu- 
facturing, mechanical and other interests dependent upon 
the products which they transport — ^might derive from 
the investment of a reasonable amount of corporate and 
individual wealth in the establishment of similar schools, 
adapted, of course, to the wants of our peculiar industries 
and institutions. 
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While it may be said, with some show of truth, that 
the most practical technical schools are great workshops, noTSSmte 



do 
men- 



tal and manual 



still the ordinary workshop does not yet combine mental twining, aim oar 
instruction with manual training, while our science teach- j»»cmd«]2i2' "x» 
ing is of too high a grade to be assimilable by the ordinary 
mechanic and mechanical apprentice, and is too theoretical 
to be adaptable to the current work of our shops. Not 
only is there too little application of science to our various 
handicrafts^ but there is, for the most part, a sad lack 
of intelligent effort to teach apprentices in our work- 
shops that manual dexterity which, at least, they are 
supposed therein to acquire. Now that the old system of 
apprenticeship is rapidly becoming obsolete, the question ed^^tSTe p*a?rot 
of what shall take its place in the way of educating and app^nSS^Tp?' 
training the youth of our working classes becomes an 
important consideration for all who are interested in our 
national welfare and in the development of our industries 
Skilled labor must be had from some source, and we can- ^ 
not afford to import it in bulk, if for no other reason than 
its expensiveness. Our own people have the first claim 
upon our industrial occupations, but if we are to compete how to make our 

«».j, . J.-JX 1 J laborers the equals 

for foreign trade they must be so tramed as to make and of foreign work- 
keep them, in knowledge and skill, at least the equals of 
foreign workmen. The most practical way of affording 
them this training is to build up special low-grade science 
schools, where the instruction shall be of such a character 
as will directly bear upon our arts and manufactures ; for 
if any lesson can be drawn from the study of technical 
education abroad, it is that progress and success are most 
readily and cheaply attained by means of combined theo- 
retical and practical instruction, and that our designers, 
our superintendents and our foremen, at leasts should be 
scientifically and practically trained experts. [Exhibit 
G.] 



men. 
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Without dwelling further upon this point, however, the 
foregoing and the several exhibits hereto sufficiently dem- 
onstrate how much the United States already owe to 
those schools wherein the application of science to the 
mechanic and useful arts is practically taught [Exhibit Q] ; 
as also that, as a people, we have been singularly backward 
in discovering how potential a fa<5tor in mtemal politics and 
in our domestic and foreign trade relations the systematic 
cultivation of our laboring classes in technological knowl- 
edge could be made. 

It is obvious that to supply the missing link in our sys- 
tem of national education there must be either a modifica- 
tion of the curriculum of our public schools, as suggested 
The missing link by Mr. Mather, or we must establish schools intermediate 

iuour educational •^ ' 

system. betwccn our grammar schools on the one hand and our 

high schools, academies and colleges on the other ; which, 
while affording our youth those opportunities and facilities 
for technical instruction that are absolutely necessary to the 
development and success of many languishing industrial and 
manufacturing interests, will also fit them for the higher 
duties of American citizenship. 

In 1880 the United States contained 189,000 elementary 
schools, having 9,720,000 pupils. Our national and State 

te?2f M^k)Sied5^ expenditures for the support of public schools now largely 

^'^^^''^ " exceed 1100,000,000 per annum, and the value of our 

school property is not less than ^200,000,000. These 
expenditures exceed those of England and Wales nearl;^ 
five times, and those of France nearly four times. In the 
number of pupils and the expenditure of money on our 
public schools we lead the world, and yet neither our 

• State rior national appropriations in aid of indiistrial 

education for the working classes have been sufficient to 
make more than an impression upon the great mass of 
technically uneducated labor of the country. [Exhibit L.] 
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Says Judge MocArthur, in his excellent work on Edu- 
cation in its Relation to Industry : 

" To compete sacceasfuUy with foreign work we must have a class of artitans 
as hif^hlj cultivated in workmanship as those we import from over the sea, and 
this skill can be acquired only by prActice in their respective handicrafts. It is 
true that with us applied science and mechanical powers have su{)er8eded, in a 
great measure, the burden of heavy labor ; but the quick eye, the eipert hand 
and the acute taste can never be dispensed with in the mtnoal processes of the 
artsttiul manufactured. To meet tnis imperative demand for nrst-class work- 
men, without submitting to the exactions and competition of foreign work, we 
must educate the constimctive ability of our youth during the period of life 
which is now devoted to study alone. We have developed, in a high degree, 
the art** of manufacture, but we are nearly without any American artisans in 
the trades connected with design, and are consequently deprived of the acknowl- 
edged sharpness and ingenuity of our countrymen in helping on American 
industries. This wide and remunerative fleld of labor is left to be occupied by 
partly educated and skilled foreigners. We have excellent schools for all sorts 
of instruction in the estsentials of mathematics, history, literature and philosophy, 
but we fit nobody with either skill or knowledge in any particular habit of 
industry. 

" The period seems to have arrived when institutions of industrial science and 
education can no longer be postponed in our country, and when they must be 
tried on as extensive a scale as those witnessed abroad. There seems no reason 
why the institutional system should not be adapted to the tradesman, the artisan 
and the manufacturer, as well as to the more pedantic professions, in which men 
are so thoroughly tniined. The reform of our taste has commenced by the 
purifying influence which proceeds fn>m, and which will gradually make its way 
through, the community from the universal teaching of drawing. An appeal 
must now be mode in behalf of teaching the processes of production, as well as 
the principles which shall tcvAde the work. Tne use of tools and machinery does 
not come by intuition, and industrial knowledge ought to include instruction in 
their use.'* 

With a very few exceptions there is, in our country, a 
conspicuous absence of institutions for combined general ootnt?7?fmButu. 
and mechanical education of the character which, m general and me- 

' chaulcal education. 

France, Germany and in other Continental nationalities, are 
regarded as the great source of national wealth, and which 
are beginning to play a most important part in the promo- 
tion of those trades and manufactures with which England 
is coming to the front. 

Though Congress, by its act, approved July 2, 1862, 
setting aside a large portion of the territorial wealth of the 
nation for industrial education, inaugurated a sagacious 
scheme for "teaching the processes of production," and , J552?iwj?p?o^ci. 
their underlying principles, which, wisely and energetically IducatilSl!"'^'^*** 
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followed up, would in a short time have placed the United 
States in the foremost rank of civilized nations in the 
theoretical knowledge and skilled training of its work- 
people, and have developed many old and created new 
industries, thereby more rapidly enriching the country, 
most of the provision made by that act for industrial 
and scientific teaching of the masses has, by reason of 
the paramount importance attached to agriculture in most 
sections, been absorbed in the endowment of agricultural 
colleges — so called. Whilst these colleges, as first con- 
in^a^ rt^uu?S**^ templated, were to have departments for teaching mechanic 
?h"lu*ttiSSJoMhe trades, most of them have drifted away altogether from 
act intended. ^j^^ original intcntiou of the authors of the act, and there 

is in them, generally, little or no efibrt to combine 
theoretical instruction with practical mechanical training 
in other than those branches of knowledge closely related 
to agricultural pursuits. Much remains to be done before 
they can be of any material advantage to manufacturers 
and others requiring skilled labor. If their managers, are 
to fulfil the design of Congress, they must, much more 
than at present, turn their attention to the training of 
experts in mechanical and industrial arts ; for it is only 
in schools devoted to instruction of this character that the 
poor youth of our country can obtain such instruction 
and training as will enable them to acquire and maintain that 
supremacy over foreign rivals in important arts and manu- 
factures to which our many advantages entitle us. It is 
true that agricultural colleges have, 'per »6, a great mission 
tp fulfil, especially in our Western and Southern sections ; 
but as Congress, by express terms, provided and intended 
Mechanical as its appropriation of school lands to inure to the advantage 

well as agrioultu- rr r o 

needed!*** ^^^ ^^ ^ iudustrfes cqually, and as many important interests 

of the country require that technological instruction 



35 

'bove mere dependence upon individual 

■ng of those colleges is necessary to 

* V With national legislation, and 

V stimulate State and muni* 

npplement national appro* 

ns for affording tech- .« to<Sl'8u«i?nlrd 

. sustained, wholly JJ^J^Sd^s. 

ate individuals. It is 

lis assertion implies that 

ujhl not be made equally — 

II similar private institutions. 

rule, endowments have been left 

structions more specific than in the 

and State grants, and have therefore 

1 verted from their legitimate objects, and 

s susceptible to those influences which with 

iitbrmly prostitute public educational funds to 

'r sectional purposes. Still it is a stern fact that 

4 be recognized by all would-be founders of educa- 

<l1 institutions, that this character of trust, espeoially, DMimbuuy ot 

^ •f ' donora executing 

dlbrds much opportunity for misapplication, even unijer J{Jf^|; ^'^'^ *'®"®'*''' 

the most carefully guarded legal phraseology, and that 

the most conscientious trustees and managers are not 

proof against the temptation of construing, and even 

forcing the construction of ambiguous terms, in harmony 

with their individual predilections. Moral : — Execute 

your own benefactions. 

In just what manner private appropriations and city 
systems of public instruction should deal with industrial 
education is a grave problem, but the labors of the Bureau 
of Education at Washington have resulted in the collation 
of a mass of data, not only upon the needs of the country 
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m this regard, but also m reference to the many experi- 
ments and efforts (mostly successful) to inaugurate tech- 
nical education in various localities, that will greatly 
aid in its solution. Among other of this Bureau's reports, 
Circular of Information No. 1, 1885, containing the obser- 
vations and views of John D. Philbrick, LL.D., State 
Superintendent of Public Instruction in Connecticut and^ 
later, Superintendent of Boston Schools, upon the city- 
school systems in the United States, is of special value 
and interest to boards of education, school superintendents 
and educators generally. Extracts from those pages of his 
report devoted to the consideration of industrial educa- 
tion, and the necessity for it in the United States, are 
appended hereto, and their careful perusal is earnestly 
recommended. [Exhibit N.] 
Conclusions Of Summing up his conclusions as to what should be done 

Dr. Philbrick upon /• -li-ij x«i^*j. x r» i_i* • a 

the subject of lor muustriai education by cit3' systems ot public mstruc- 

liKluslrlal educa- . .n . « 

tion in the IT. 8. fiou, Dr. PhilbncK says : 

*' Without aliating our zenl or contracting our scheme of prorLsion for general 
education, there remains much to be done by our city-school systems in pro- 
viding that kind of instruction iind training which fits persons, in part at least, 
for sonie particular mode of gaining a livelihood. The provisions for this pur- 
pose which seem tlesirable in the present stage of pedagogical experience and 
upipion are here briefly enumerated : 

**(1) A modification of the curriculum of elementary instruction which will 
render it better, not only for the purposes of general education, but also better 
as a direct preparation for many industrial pursuits. This modification consists, 
in brief, in thi\)wing overboard a considerable mass of the useless details of some 
of the branches now tnught, in applying more practical atid comprehensive 
methods of teaching all the subjects, while alwajrs aiming at the shortest and 
most direct means of communicating and enabling the pupils to acquire useful 
knowledge, and at the same time ignoring processes and exercises merely for 
the sake of what is called symmetrical development of the mental faculties ; thus 
making room for drawing (both freehand and mechanical), the rudiments of 
bookkeeping, the rudiments of practical geometry, physics, chemistry and 
natnral history, modeling and carving for boys, needlework for girls. 1 omit 
the workshop for boys, because I think that up to fourteen years of age the 
above studies, in connection with gymnastics, would be more profitable as a 
preparation for apprenticeship, and" I think boys ought to complete their ele- 
mentary education at fourteen years of age, and, if they have not, the more 
reason why they should not then divide school work vdth shop work. 

*'(2) To teach girls, in all grades of public instruction, sewing and cutting 
and fitting, and. besides, special schools should be established for instruction 
in the advanced branches of needlework, cutting and fitting, and perhaps 
millinery. 
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"(8) To establish everywhere, in small cities as well as large, thoroughly 
equipped evening industrial •drawinjr schools. 

'*(A) Evening high schools should be widely disseminated, giving instruction 
in more or less technical branches, such as bookkeeping, commercial arithmetic, 
stenography, practical geometry, drawing, etc. 

**(5) Evening schools devoted exclusively to teohnical branches, like those 
in France. 

''(6) To establish in the larger cities one or more apprentice schools like that 
in Paris, on the Boulevard do la Villette. 

''(7) The establishment of simple matiual-training schools, as they may be 
rcHjuired. like thone in New Haven, Boston, and Peru, III., for boys who have 
eompletcil their elementary studies and for boys already in the grammar 
schools who wish to attend them out of school hours, whether in the evening 
or daytime. ^ / 

''(o) To establish in the Lirger cities manual-training schools, after the 

Etttern of the St. Louis school and the school of mechanics connected with the 
wton Institute of Technology. 

''(9) The general establishment of schools of practical cookery for girls, after 
the pattern of those which have been so successful in the city of London.*' 

Reference has been made to departments in our principal 
universities for technical and scientific training in mining, 
civil and mechanical engineering, physics, and the natural 
sciences, and to other and more directly technological insti- 
tutions for teaching low-grade science, and the character 
and plan of instruction therein pursued are illustrated at 
length in the appendix [Exhibit L] ; but all these schools 
and departments, aggregated, are insignificant in number, present provis- 
and in most of them instruction in the mechanical art^ hast?l?ninVina'?ie^^^^^ 
not been strictly adhered to, having been obscured by 
the literary and art-science sides of education, as therein 
taught. That this tendency is a very grave danger in 
technological schools generally, is very apparent from a ^ . 

^ o •^ ' */ rr Tendency t«>lg- 

study of those in England, where most of the institutions JubjectT"*^* 
established purely and simply for technical instruction are 
already drifting into devotion for the higher branches of 
the natural sciences and mathematics, to the exclusion of 
drawing,, applied science, and mechanical teaching. 

Judge MacArthur says that while we have schools for 
all sorts of instruction in mathematics, history, literature 
and philosophy in abundance, they fit nobody with either 
knowledge or skill in any particular branch of industry. 
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In the absence of provision for mani^al training and for a 
practical application of theoretical knowledge there is, of 
course, no acquisition of skill, but there is a notable 
tendency to beget dislike for those pursuits that require 

Lack of manual Hianual labor. It is high time that those interested in 

public education should display a danger signal in con- 
nection with our national system of elementary educa- 
tion, which also drifts to the literary side with a 
rapidity that should alarm our social economists. The 
storing of the memory with a multitude of extracts from 
books which, for a brief period after school life, may 
be retained and repeated as a proof of education, is alto- 
gether misleading and useless for boys and girls who must 

Bchooia devoted ^^^ *^^ stem realities of making their own living. The 
phu^phy!^m4ra. charactcr of teaching in the public schools of America is 

ture, etc. . create .,, , j»ia/» i i j-jx»i 

distaste for rapidly creatms a distaste for manual work and industrial 

manuaUabor. r j o 

pursuits in general, and it would be well for our public 
teachers to make an earnest attempt to modify their 
instruction, in the direction of devoting more time to sub- 
jects of a practical nature, thereby promoting tastes for 
industrial pursuits based upon knowledge of the principles 
of the natural sciences applicable thereto. 

Reviewing briefly the voluminous data showing the 
Defects In exist- status of technical traininff in the United States, it is to 

ing schools afford- ^ ^ 

t?fii°2g.*"^** be noted that, while provision for some kind of industrial 

education is now made in many of our universities and 
colleges, it fails to meet the greatest demands of the times 
in the following respects : 

1. — The instruction is too expensive for workpeople. 
But few of our mechanics and artisans could afford to pay 
the high tuition and meet the other necessary expenses, 
even if they had the means of support during the three 
or four years necessary to complete the course of instruc- 
tion. 



Too expensive. 
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2. — ^The course of studies in these institutions is much 
too far advanced for the mass of our people — ?the con- Beyond roach of 
ditions of admission being so rigid and far-reaching that 
only those persons who have already had superior school 
facilities are able to comply with them. Hence most of 
those universities and colleges that do make some pro- 
vision for technical training are practically closed to the 
great majority of our laboring classes, who, being unable 
to pass examination on all the numerous subjects required 
for admission, are excluded from any of their departments 
of study. There are also radical defects in present 
methods of ascertaining the fitness of young people for pur- 
suing technical studies. Those methods generally only 
develop how much cramming has been done by and for 
the candidates, whereas far greater consideration should be 
given the native ability, the previous educational facilities, 
the present circumstances, and the probable future career 
of the applicants. Many who, from lack of preliminary 
training, may not be able to take up and complete all of 
a prescribed course might still make good headway in 
special studies, if they could only be admitted to the classes. 

3. — The instruction in most of our institutions is too too tueoreiicai. 
theoretical. In order to benefit workmen and employers 
it should be better adapted to practical ends. Students in 
industrial classes should have greater facilities for visiting 
shops, factories and mines, and for studying their opera- 
tions, and should be examined with reference to their pro- 
ficiency in applying scientific principles to the numerous 
mechanical processes they witness, just as students of 
botany visit fields and forests and study flowers and plants, 
or as students of medicine go to the dissecting room to 
learn the human body, and to the laboratory for practical 
study of chemical compounds. For a mechanic to be able 



and to do. 
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to dissect a machine that he has to run and keep in order, 
and to understand the nature of the material of which it 
is made and the oflBice of each part, so as to be able to take 
the machine apart, mend that which is broken or out of 
shape, and put the whole together again, is just as essen- 
tial as that the surgeon should understand the materials, 
construction and functions of the human body, in order to 

t«u^"u*t!i'ob8erve ^®P^^^ ^^ intelligently and well. But the students in most 

of our college classes know machinery only as they see 
cuts of it in their text-books. They study about wheels 
and pulleys and levers and screws, but rarely, see them in 
operation. They learn the laws of electric force, without 
acquiring the mechanical power to properly arrange a 
battery when the materials are put into their hands. 
They learn the formulaB of chemistry, but are unable to 
undertake the simplest experiments without endangering 
their own lives and those of others. 

4. — Another important deficiency is the absence of pro- 
Absence or vision for evening instruction of the masses of mechanics 

who are compelled to labor during the day for the support 
of themselves and families, many of whom would gladly 
attend evening classes for theoretical instruction, if acces- 
sible at reasonable cost. That this is true is proven by 
the large number of workmen in Europe and in sections 
of our own country who, of their own accord, attend 
evening classes when opened in technical schools, univer- 
sities, etc. That many of these men and boys make 
commendable progress in their studies, even after working 
hard all day, is shown by the testimony of those having 
charge of such classes. Those of our colleges and univer- 
sities having class-rooms, laboratories, apparatus and 
libraries already equipped could, generally, without great 
expense, make arrangements for evening classes. In Owens 



»*veulug schools. 
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College, Manchester, an institution of about the same rank in^JJelia^coVieg^^^ 
as the Johns Hopkins University, several of the instructors mc^^u^'i^.'^nlr 

/».i-i 1 1 ••xA*i • iix Cooper Iu«tltuiK, 

of the day classes also give instruction to evening students, of New York. 
who number about six hundred. The class-rooms of the 
Polytechnic Institute at Regent Circus, London, are 
crowded to their utmost capacity every evening of the 
school year by young men and middle-aged mechanics 
who spend the day at work in shops. This school has 
accommodations for about three thousand students, and 
hundreds of applicants are refused admission every year 
because there is no room for them. Many who do gain 
admission to the classes succeed in passing the Government 
examination in science, or the city and guilds examination 
in technology. The fact that hundreds of workpeople in 
our own country avail themselves, with great profit, of 
the evening instruction afforded at Cooper Institute, New 
York [Exhibit L], and at the few other evening schools 
of merit in our cities, adds to the proof that there is a 
demand for increased facilities for practical instruction in 
evening classes. 

In a recent special and comprehensive report on the 
present status of industrial education in the United States 
— from which I have gained much information — the Com- 
missioner of Education at Washington says : 

'* The manufacturer is aided bj industrial education through the improvement 
of his products. Uis success depends on the demand for his goods at reasonalile nii»siouer'<If"E!.Vu. 
prices. This demand is regulated by the needs of customers. Tliey ask for cation, waMhtiite. 
durability of material, attractiveness of design and excellence of workmanship ^n> upon imius- 
in whatever they purchase for permanent use. Manufacturers* business improves ******* ©^i^catiun. 
as they becom<! po^isessed of these and similar qualities, which can be economically 
secured only by the application of technical knowledge. Durability arises from 
excellence of raw material, and is retained by the selection of the ri^ht processes 
by which to convert it inta the state in wliich it finally appears. The quality of 
raw material is not nnfrequently to Ije determined by chemical tests, and many 
of the processes of its manufacture are regnhited by chemical principles; The 
sfience which guides in the determination of these processes must be the one 
which will lead to tlieir improvement and perfection. Hence courses in chemistry 
are established in our principal polytechnic schools, as well as in colleges of 
agriculture (to which science chemistry makes liberal contribution), and in 
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schools of miDing and metallargy. For a similar purpose engineers are tangbt 
to deternaine the strength of materials used in building railroads and bridges, 
houses and machines. Investigations in the domain of physics and chemistry 
have f reqnently taught the skillful application of new ana serviceable agents to 
the production of labor. Men thus taught have laid out our railways, opened 
our mines, started and improved our manufactories and built our houses. They 
have aided in increasing our industries 35 per cent, in the last decade and in 
compelling an English confesrion that ' the United States will probably pass us in 
the ensuing decade ' in the value of her industries. 

'* The elevation of the working classes is an inevitable result of educating 
them in industries. The direct effect upon the intellect is great and beneficial. 
The immediate moral influence is of the best. A manly feeling is awakened and 
kept alive by the consciousness of power and skill to do. An incentive to fru- 
gality and enterprise is set forth. It has been laid down as a rule by Prof. 
Edward Atkinson that — 

** 'Oihor thiDffs beinr equal, high watres, ooupIe<) with low cost, are the neoessarj 
resatt of the most IntelliKent applloatloa of machinery by the arts, provided the 
education of the operative keeps pace with the Improvemeot of the machinery.* 

'' Industrial education dignifies labor as well as opens doors to its skillful and 
remunerative performance. If labor has a noble end and purpose ; if it employs 
intellect ; if it abundantly rewards its servants, then it is worthy to be crowned. 

*' The perfection of our manufactures, the facilitating of commerce, the un- 
earthing of mineral wealth, the economizing of the fertility of farms, the dis- 
semination of practical knowledge — these are ends which are being served by 
the graduates of our industrial institutions. These ends do not lack nobility. 
These forms of labor require the exercise of high intellectual powers. The 
attainments are of no mean order which enable a man to perform the great feats 
of engineering for which our country is becoming known, or which are required 
of superintendents of extensive factories. Even the doing of a single thing 
imderstandingly and well brings the doer respect from himself antl his neighbor, 
and dignifies his calling. * It is the privilege of any human work which is well 
done,' says Emerson, * to invest the doer with a certain haughtiness. He can 
well afford not to conciliate whose faithful work will answer for him.' 

*' The diminution of crime is to be expected from the diffusion of industrial 
education. The percentage of criminals who have received even the elements of 
an education is small. An authority on the subject has said that * one-third of 
all criminals are totally uneducated, and that four-fifths are practically unedu- 
cated.' Yet when the relative number of convicts who are illiterate is compared 
with the number of those who have not learned a trade, it is found to be much 
smaller. It is stated by Dr. Wines that in Baden only 4 per cent, of the prisoners 
are unable to read when received, and that they are for the most part fond of 
reading, but tluit 50 per cent have not learned a tnftde ; in Bavaria 12 per cent, 
are illiterate, 29 per cent, ignorant of a trade. Mr. Charles F. Thwing a few 
vears since claimed that 00 per cent, of the inmates of the Michigan State Prison 
had no trade, while less than 25 per cent, could not read, write and cipher ; that 
in the Prison of Minnesota 37 of 285 prisoners could not read and write, 130 
never letirned any business; and that in the Iowa Penitentiary the ratio of 
illiterate convicts to those unskilled in a trade was about 1 to 6. 

** Whatever may be the reliabilitv of these figures, it cannot be denied that the 
lack of technical {mining is a prolific cause of crime. This lack is being sup- 
plied to some extent by some recently established schools, which both'affdrd 
opportunities for such training and draw public attention to the existing need 
of it. 

'* The introduction of industrial features into educational institutions has a 
tendency to relieve education of the accusation that it is unpractical. There are 
those that ask of our schools more than they are intendea to furnish. Their 
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Toice in yean past called into being mannaMabor and half-time schools. Since 
tho failure of tnese means to realize the expectations of their advocates, believers 
in education for indnstrial labors have been uncertain what course to adopt in 
carrying out their views. ' Now, it may be said witl\ safety that the mass ox our 
citizens are convinced that the educational systems and institutions of the 
country are above reproach, and will be modified by the introduction of new 
features as they are needed. A minority are dispos^ed to be critical and assert 
that education is nnwisely conducted, and that governmental aid might be 
applied more reasoiial)ly to the establishment of public farms and worksl^ope 
for training ptirposes than to public schools. 

*' Finally, protection to Auierican institutions demands the indnstrial educa- 
tion of our youth, that they may carry our ideas of obedience to law and our 
republioan principles into the midst of the multitude of foreigners that crowd 
our factories and our mines and perform much of our labor. 

"Ours is a peculiar nation. In it the principles of morality prevailing in 
civilized countries are upheld with warmth and reason. Our political principles 
are distinctive and characteristic. Daniel Webster enumerated them in one of 
his great speeches. They are tho ef^tablishment of popubir government on the 
basis of representation ; the recognition of the will of the majority, fkirly ex- 
pressed, as naving the force of law ; the supremacy of law as the rule of govern- 
ment for all, and the existence of written constitutions founded on the authority 
of the people. He asserted his belief that the influence of town meetings in 
which American principles were recognized and followed, made those who went 
from them to dig gold in California ' more fit to make a republican government 
than any body of men in Oermany or Italy.' If there be added to the lessons 
of our political gatherings and elections education in the essentials of goveni- 
roent, instruction in the sciences contributing to human prosperity, familiarity 
with the languages of civilization, sound rules for the conduct of life, and training 
for an ennobling and enriching occupation, then American youth will be prepared 
oftener to fill leading places in industries, will win respect for their skill, learn- 
ing and wisdom, and, being respected and trusted, will be enabled to enshrine 
American liberty more securely in the hearts of laboring men. So our land shall 
be the home of a safe and permanent nation, ' where an industrious population 
advances like a victorious army, where the poor find work, the laborer becomes 
a proprietor, the proprietor grows rich, and all have the hope of a prosperous 
future,' and the ends of our industrial education will be accomplished." 

Common sense and experience combine in declaring that, 
to attain to. eminence in science, art or literature, nations 
and communities must make liberal provision for institu- 
tions devoted to their study and investigation. A rudi- 
mentary principle of political economy is that, in direct 
proportion as money is invested in the endowment of such 
institutions with free professorships and scholarships, and 
the means for original research and experimentation, is its 
value compounded by their rapid advancement in those 
branches of knowledge which are the foundation of 
national prosperity. In recognition of this principle, the 
several States of the Union have not been backward in 
endowing universities and colleges devoted to the study 
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and investigation of one or more special subjects, and the 
natural increase of those institutions is 9ure to provide for 
the maintenance and the reasonable advancement of our 
literary and abstruse scientific status among the nations. 
Let greater provision, therefore, be made for the practical 
application of scientific and technical knowledge to our 
useful arts and trades, which are languishing in every 
branch. Whatever the cause of this depression may be, 
improvement in the quality of our products wbuld go far 
towards stimulating demand and in restoring prosperity, 
just as it has done abroad in less favored localities and 
under more adverse circumstances. Besides, there are 
numerous new industries awaiting development and the 
assistance which technical knowledge alone can give. 
Society tires of the old and a depression in business 

i».»MOoi'rm;Miof eusues ', it clamors for the new and novel, in which, when 

produced, it is always ready to invest millions ; thus 
affording employment to many workmen, the disbursement 
of whose earnings in sustenance, clothing and shelter for 
their families has a far-reaching effect in stimulating other 
industries. Witness the application of the recent dis- 
coveries and inventions in the domain of electricity. 

r»i.'UH..fniaito It has bccu showu that, in Germany, France, Switzer- 
j,.i..H„iui.M,tm. Iq^^j^ Belgium, Holland, and, later, in England, the pro- 
motion of the useful art& is acknowledged to be of the first 
importance, as lying at the foundation of all industrial 
enterprises, and in all those countries many of their ablest 
citizens devote their lives and scientific knowledge to 
improving methods of manufacture and the attractiveness 
and utility of staple products ; to the discovery of new 
designs and to the origination of new industries; while 
great polytechnic and less pretentious institutes exercise a 
healthy and stimulating influence in the same direction. 
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A respectable class of our citizens, both young and old Mor© deyoit.,n to 

^ 7 .^ o applied science 

men of ability, devote themselves to a single branch or JSJ^cd ?*''*'**'*"* 
phase of literature, the ornamental arts and the pure 
sciences, while, considering the size and population of our 
country, the number who devote themselves from similar 
motives to applied science, technical ^rts and education — 
i, e., not related to the social professions and fine arts — is 
really insignificant. When, in addition to some such plan 
as that outlined b}' Dr. Philbrick, our agricultural colleges 
are given the breadth, and are equally devoted to the several 
branches of instruction, intended by Congress; and when, 
by the rearrangement of present and ^the establishment of 
additional polytechnic schools, sufficient industrial instruc- 
tion is afforded to meet even present needs and demands, 
the more important, at least, of our industrial trades will 
take their true positions as of equal respectability and 
value as the professions and the higher commercial pur- 
suits, and then the (to us now utopian) condition will be 
fulfilled when our mechanics and artisans, like the peasants 
around Groningen, can cast " compassionate glances at all 
that population of shopkeepers, clerks, professors, officials 
and proprietors who, in other countries, are envied by 
those who till the ground, but here are regarded by them 
in the light of poor people.** 



INDUSTRIAL AND EDUCATIONAL NEEDS OF BALTIMORE. 

The foregoing statement of the development and pi'esent compariscu of 
condition of technical education, abroad and in the United oiiier"i2wiuieb. 
States, though only a brief and incomplete historical sketch, 
affords a basis for comparing Baltimore, commercially and 
mechanically, with other localities where higher scientific 
methods are practised in corresponding industries. Such a 
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comparison seems absolutely necessary to awaken an in- 
terest in, and a demand for, more thorough and widespread 
scientific knowledge, the power and eflFects of which, in the 
arts, manufactures and trades, are portrayed in th e preceding 
pages of this report ; for it is to be observed that where 
the lack of scientific instruction and technical training is 
greatest, the want of it is least likely to be felt by those 
who are deficient in it. Realization of the need is gener- 
ally followed by sufficient agitation to secure it. 

It must be painfully apparent to a large number of our 

business men, as well as to other thoughtful citizens that, 

^ notwithstanding her superior natural and artificial advan- 

proSreMfng."^^ tagcs and resources, Baltimore is not only not progressing, 

as compared with even less favored sections, but is not 
maintaining her former position in the commercial and 
manufacturing world. Whatever the causes of the general 
apathy that is paralyzing her business enterprises may be, 
they must be analyzed, the facts brought to light and their 

underatooT** **® cfiects uudcrstood, before intelligent measures can be de- 
vised for producing a different state of affairs. Although 
Not on agreeable ^^ is ucvcr au agreeable task to criticise, in any relation, 

tH8k to criticise, ^j^^ community in which one lives, yet here, as in surgery, 

the diseased part must be bared and its condition made 
manifest before prober remedial measures can be deter- 
mined. The interests of our service are so interwoven with 
the commercial prosperity of Baltimore ; the poverty of her 
youth in intellectual attainments and mechanical skill has 
been so painfully manifested in the preliminary examina- 
iieasons for dis- tions held the past year in connection with the technological 

cutsaiug the Indus- k *f o 

Sona?nw®d»"«?' classcs at Mt. Clarc, as well as in the current mechanical 
Baltimore. opcratious of the service that, in view of the intimate 

relations that must always exist between the educational 
facilities of the city and any technological institution that 
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. within or near its boundaries^ a dis* 
.»port, of the needs of the city in the 
ideal instruction and its advantages, ber 
it — indeed necessary. Neither from profes- 
lion nor experience am I able to treat the 
iiaustively. But what is hereinafter cited is 
\en to superficial observation, and if, through 
ation, such general interest can be awakened in 
uore as shall result in placing her industrial and 
iiiical educational facilities — which are of paramount 
iportance to her prosperity — upon a par with those 
■ )ffered by rival cities, a great boon will have beeii con? 
ferred upon the community in general, and the Baltimore 
and Ohio Railroad Company and all our other manufac- 
turing corporations will enjoy the reflex advantages accru- 
ing from the increased intelligence and skill that her 
working-people will soon acquire. 

If those public-spirited citizens who recognize our defi- 
ciencies in this respect, and whose professional or business 
attainments place their qualifications and motives beyond 
cavil, can be induced to unite in devisini; and in securincr Necessity ..r um 

' o o ted effort to r«sion 

the acceptance of an intelligent and practical measure for p'^*^**'®'"*^^- 
reviving and extending the industrial interests of the city, 
its commercial and manufacturing advantages are unques- 
tionably such that it would soon not only recover its lost 
prestige, but would rapidly advance beyond the prosperity 
of many of its now successful competitors. At this time 
there are indications of the birth of a new South — a indications of a 
South that shall become famous and wealthy, through the """^ ^""'* 
development of its immense resources and the application 
to its industries of scientific methods, which elsewhere 
will be of slower growth, because they will supplant and 
make worthless the expensive plants of present processes. 
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Standing as we evidently are at the threshold of another 
ot'Sniio^Jlx^^roB''' ^^^ ^^ national prosperity, in which the South and other 
perity. sectioHs naturally dependent upon Baltimore (as the con- 

necting link between the North and South) for manufac- 
tured products must participate, the present is an oppor- 
tune time to make provision for industrial education com- 
mensurate with the needs and resources of the city. 

The causes that have combined to relegate Baltimore 
to a rank so far beneath her true status as a commercial 
and manufacturing centre become readily apparent from 
a study of her industrial history. It is unnecessary to 
enumerate them here, but it is pertinent to remark the 
almost invariable lack of appreciation, at times actually 
assuming an attitude of unreasoning antagonism, with which 
the efforts of t|xose who have sought to promote her 
material prosperity have been received. Considering the 
widely divergent and irreconcilable views developed upon 
Methoria hereto- the prescntatiou of many plans from time to time devised 

Tore proposed to "^ •/ r 

have'So?™e*t^wi2i ^^^ *^® improvement of her trade and commercial rela- 
generai favor. tJous, it is manifestly useless to hope now for fruitful 

result from any similar proposition which has not the 
merit of promoting at least the principal business interests 
of the city. 

Municipal industrial education, however, offers a program 

upon which every business interest may harmonize, with 

prontb'rt«chi[iIS equal certainty of sharing in the ultimate prosperity which, 

as experience has shown, uniformly follows its general 
adoption in a trade centre, and which it can hardly be 
questioned would, in the case of Baltimore, prove equally 
— and probably far more— valuable than could reasonably 
be hoped for from any of the nieasures for increasing our 
general prosperity to which allusion has been made; while 
at the same time promoting the material, intellectual, and 
moral welfare of the masses of our population. 
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Daring the period between the close of the Revolu- ^ Htetori^ijetro^ 
tionary War and the War of 1812, the city of Baltimore 
enjoyed its greatest prosperity, and at the end of the 
latter conflict it gave promise of becoming pre-eminent 
among the most prosperous commercial and manufacturing 
cities of the country. It was then that its growth was 
most rapid ; new enterprises were readily undertaken, and 
its commerce was, relatively, if not actually, greater than 
ever since. After the opening of the l^rie Canal, its most 
astute business men, realizing that without more rapid and 
direct freight communication with the west, Baltimore 
must suffer greatly from the increased competing power of 
New York, as early as 1820 began an agitation for in- 
creased traffic facilities to the west, the outgrowth offl.^'^coSpany! 
which was the organization of the Baltimore* and Ohio 
Railroad Company. Though constantly subjected to the 
attacks of rival corporations, to home opposition born of 
prejudice and jealousy, and to the more vexatious in- 
difierence with which its efforts to maintain and stimulate 
languishing industries have been met by those it sought to 
benefit, the Baltimore and Ohio Railroad Company is to be 
credited with diligent and consistent efforts to foster and 
enlarge Baltimore manufactures and commerce, and it is 
interesting to observe that, to the extent it and its affiliated 
interests have been conducted in a liberal and progressive 
spirit, they have expanded and prospered amid a general 
decadence of the city's industries. 

While substantially at its door are water powers capable superior natural 
of furnishing motive force for many times its present manu- SoJ?S?of sam-'^^ 
factures ; while the advantages of its superior geographical 
relation to a large and productive section of country are 
preserved by its being the terminus of an e;s:tensive trunk- 
line system tapping that section at many points ; and while 
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••.^ * :».ii *fc?v reAch enormous reservoirs of the finest 
^^ ,,i^.tivt.v ^ wxjils found in America, as well as generous 
>^ . ^s .^c irv«% copper, hard woods, cotton, tobacco, and 

. K . ^tvi^Tiill suitable for manufactures — in fact, all the 
V. > '.t- riiw m;iterials, the conversion of which into manufac- 

»^\t v^xiiKTt^ builds up those large industries and com- 
•tK?*\\U itttoTwts without which no city can be great or 

^►rx^vwus Baltimore has practically lost all claim to 

^^x'^mXiience or even prominence in any manufacturing or 
ui^rv^»tile pursuit. Not only do many industries developed 
eWwhere, and which should be prospering here, not exist, 
Imt it hiis been impossible to maintain those we had, and 
Yt'^t the apathy of the community is such that no substantial 
Wsponse is made to the most urgent appeals for financial 
onwuragement and assistance in increasing our commerce, 
n^viving old or establishing new manufactures or kindred 

enterprises. 

To be more specific, I may remind you that Baltimore 
has, apparently through pure lack of energy, lost the 
v^g^M' u*a#. yf^^i India sugar trade, and her iron industries are little 
short of the throes of dissolution. The gravity of the 
loss of this sugar tra<le is shown in a recent pamphlet 
prepared under the instructions of Mr. C. Morton Stewart, 
which sets forth the total value of the city's imports of 
sugar and molasses in 1874 as ^10,598,227; decreased in 
KV10UI t.( ihi» 1884 to $107,041, but even these figures by no means 

represent the net loss to the city, in one decade, from this 
single item — the ten millions of imports merely representing 
the raw material brought here ; to which should be added 
the commerce supported by its transportation, the repairs 
to vessels, the labor and the manufacturing industries 
incident thereto; all of which, when summed up, show 
a loss much more serious and far-reaching than that indi- 
cated by these bare figures. 
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Were Baltimore now able to manufacture those articles ^how to regam 

thiB trade. 

for which West Indian products are exchanged, at prices 
and of quality that would compare favorably with the wares 
of rival manufacturers, thus directly exchanging manufac- 
tured goods at a profit for those products, instead of pay- 
ing for them in specie and compelling incoming vessels to 
look elsewhere for return cargoes, we could, in a large 
measure, again attract this lucrative trade to our port. 

Baltimore has entirely lost her reputation and renown Dimini»hc(i 

• .. • 1*1 11 /»! ^marlUra« ami- 

m maritime pursuits, which at the close of the war of "»«i*«e- 
1812 was world-wide, without gaining compensating 
advantages. Possessing a fine harbor and first-class 
shipbuilding facilities (including a dry-dock hardly sur- 
passed in size and equipment by any other on our 
coast), she is yet debarred, through the unskillful work 
of her artisans, their trade agitations and prohibitory 
labor tariffs, from securing the construction of even the 
few coasting steamers registering at her port, while her 
shipbuilders are, from the same causes, compelled to decline 
bidding on the few ocean bottoms offering for construction 
here. The Abbott Iron Works, after a prosperous business _ Abbott in 
career, have been idle for a long time, and are now about 
being sold and the valuable plant thereof distributed. 
The same general cause accounts for the depression in 
other branches of trade, with the details of which all 
citizens who, like yourself, take an active interest in the 
welfare of the city, must be familiar. 

But it is unnecessary to multiply illustrations of neglected 
opportunities for enhancing our wealth and increasing our 
corporate and commercial importance, or of absolute loss 
of established trade, apparently from a species of dry-rot, 
incomprehensible, but very satisfactory to our more push- 
ing rivals ; for no one better than yourself appreciates the 
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Examples of 



great disadvantages under which Baltimore now labors 
in her competition with other cities. It is sufficient for 
the purposes of this report to point out that, because of 
the city's commercial apathy, the Baltimore and Ohio 
13. * o. revenues Railroad Companv has frequently been compelled to hazard, 

Qften hazarded i .^. . 

an<i «:>'ne^ime8» and more than once to sacrifice its revenues, m order to 

ftRcrlfleed to ' 

uldL^sfrfesVil? '^ l^revent the practical suppression of the trade of the port, 

coniiTierce. • i • i^ ±\. i. • • ± j /* xi. 'i_ 

m which the busmess interests of the city are common 
with its own. 

To cite recent examples of this, you will remember 
that when, less than a year ago, the Baltimore emigrant 
business was threatened by her Northern rivals, the Balti- 
more and Ohio Railroad Company found it necessary to 
surrender the profit of the business in order to secure 
the maintenance of the few steamship lines running to this 
port. 

Also, that though many attempts have been made to 
retain our coasting trade, such was their lethargy, that it 
was very lately found impossible to induce our merchants to 
subscribe sufficient money to insure even a line of steamers 
between Baltimore and Charleston. 

Probably I cannot more forcibly illustrate our city's 

poverty in respect to business enterprises generally, and 

on Establishment to manufactures specifically, than by quotine at some 

or Manufactures. , ^ i V» o i y^ - • 

length from the Report of the Commission on the 
Establishment of Manufactures, made to the Mayor 
and City Council of Baltimore in 1877, which contains 
much valuable information on the subject of which it 
treats, but which seems to have received much less con- 
sideration than its merits deserve. From p. 20 et seq. are 
extracted the following quotations : 

These tables, which have been very carefully prepared, disclose the poverty 
of Baltimore as a manufacturing city with painful distinctness. Baltimore is 
(by Table B) shown to be far below the industrial average in the proportion of 



Industrial pov- 
erty of Baltimore 
as shown by Re- 
port of Committee 
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her workingmen to the entire population. There is oiw operative in every 5.3 
persons in Wilmington ; 1 in every 5.04 in Philadelphia ; 1 in every 5.6 in 
Boston ; 1 ill every 5.8 in Cincinnati ; 1 in every 3.0 in Newark, New Jersey ; 1 
in every 7.0 in St. Louis, while Baltimore has only 1 in every 8.1. 

This deficiency of manufacturing hands is more than accounte«l for by a still 
greater deficiency of capital per capita invested in industrial pursuits. In this 
respect Baltimore ranks the lowest of any of our large cities — lower even than 
Louisville, Kentucky. In Philadelphia the capital in manufactories is $252 per 
capita ; in Wilmington $235 ; in St. Louis $104 ; in Cincinnati $107 : in Boston 
$188, while in Baltimore tliere is only $07 capital per capita so invested — less 
than half as much as Cincinnati hns ; just half as much as St. Louis has ; only 
a little over half as nmch as Boston has, and not a great deal more than a 
third »vs much as there is in Wilmiiiffton and Philadelphia. The tables of b.ink 
capital and savings-bank stock and capitiil will show that in Philadelphia, 
Cincinnati. St. Louis and Chicago, the money whii*h our citizens lock up in bank 
stock, groiuid rents, private discount banks and such securities, is by preference 
invested in productive industrial cuter^trises. In those cities, as the tables show, 
capital is used to buy materials and pay wa(;es, and returns in the shape of values 
receiv^ for products manuffvcturea. In Baltimore, on the other hand, capital 
is used to produce interest. While in neither case can it be truly said that capital 
is barren (since the hiring of money may be as useful as the hiring of sewing- 
machines or any other sort of t(K)l or service), yet it is quite apparent that money 
used in manufactures and other forms of active production is more fertile than 
money put at interest, or in ground rents or land, to reappear in permanent im- 
provements distributed over a period of years, or in houses and buildings. 
Capital in manufactures must tnrn itself over at least once a year, and it will 
be seen by comparing the column of capital (Table B) with the column of 
" materials," that more than the total capital of all manufacturing establish- 
ments is every year invested in the purchase of raw materials for manufacturing:, 
and more than a third of the whole capital of such establishments is annually 
disbursfMl as wages. 

Wtvges added to cost of material and the sum deducted from gross product 
gives gross profits of manufacture, expenses of course not heinc: allowed for. 
Tested by this, we find that in Philadclpliia manufactures in 1870 paid 47 per 
cent, on nominal capital, in Cincinnati 43 per cent., in San Francisco 47 per 
cent., in Baltimore 48 per cent., in Chicago 50 percent., in fjouisville 50 per 
cent., in Boston 01 per cent., in Wilmin^rton 71 per cent., in New York 74 per 
cent., and in St. Louis 120 per cent. Unquestionably, these figures show an 
excess of capital to product in Philadelphia and Cincinnati, and a deficiency 
of capital to product in St. Louis, but they also show that manufactures 
are les^s profitable in Baltimore than elsewhere, when we come to deduct the 
heavy taxation and other char<;es to which they are subject here, and from 
which they are free in Philadelphia. 

If now we tuni to Table A, we will find our deficiencies set out in detail in 
comparison with smaller cities, and with rival and competing ones. Your com- 
mission do not need to do more than call the attention of your honorable body 
to the array of facts presented in this tt\ble, showing how we are surpassed, 
even in manufactures which we oujrht to monopolize, V»y the most inferior towns 
and cities. There is only one particular in regard to which your commission 
will dwell upon in the figures in this table, and that is in respect of th*» manu- 
factures which are needed to keep up our mercantile business and domestic com- 
merce with the Sonth and with our own counties. In the item of agricultural 
implements, for instance, Chicago makes seven times as many, St. Louis five 
times, and Louisville three times as many as wo do. In the item of fertilizers 
we are surp^issed by Wilmington, not to speak at all of other and hirger places. 
In the item of boots and shoes, leaving all New England out of the question. 
Philadelphia makes four times as many, and St. Louis, Newark and Chicago, all 
three, equal our production. Chicago manufactures more than four times as 
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many bricks as we do, in spite of onr facilities. In the making of carriages, 
etc., Cincinnati manufactures more than four times as much as we do, New 
Haven six times, and Wilmington and Chicago three times as much. In con- 
fectionery, while no city can rival Philadelphia, Chicago makes three times as 
much as Baltimore. Our cotton manufactures are not yet quite on a level with 
those of New London. In flour and meal Newark, Wilmington and Louisville 
arc our equals, while Chicago makes three times and St. Louis fourteen tiroes as . 
much as we do. Chicago and Louisville beat us in furniture. Tiie glass manu- 
facture of Pittsburgh is fifty times as great as ours. In iron manufactures, 
leaving out the great centres of this industry, we find ourselves inferior to 
Chicago, and not much above Louisville. Newark, New Haven and Wilmington. 
In leather manufactures we are conipletely outstripped by all the large cities, 
vj everv city in the country, in fact, which has half onr population. In liquors, 
distilled or malt, even Newark surpasses us. In machinery we are not equal 
even to small cities like Newark, New Haven, New London, Louisville, Wil- 
mington, etc. In sugar refining, leaving out Boston, New York, Brooklyn and * 
Philadelphia, we find St. Louis beginning to be our rival. Of paints we manu- 
facture $400,000 worth ; St. Louis $2,000,000. St. Louis makes ten times as 
much patent medicine, ten times as much saddlery and harness, ten times as 
much manufactured tobacco, as Baltimore ; while Cincinnati makes twenty times 
as much soap and candles, and St. Louis four times as much as we do. In 
stoneware we make $127,000; Cincinnati $3,600,000. In sash manufacturing 
our products are a beggarly $145,000, against $2,300,000 for St. Louis, $800,000 
for Newark, $500,000 for New Haven, $250,000 for Wilmington, etc. In short, 
the exhibition is in the highest degree painful and mortifying, and must cause ' 
serious apprehensions in the minds of all persons who know that it takes trade to | 



make trade. 

It will not be denied that this is an anomalous condition of things. Equally 
it will not be denied that manufactures bring wealth and population to cities in 
more certain and speedy ways than any other form of labor. 

As Amasa Walker said upon this point : '* It is without question true that in 
an equal manufacturing population will be found a greater accumulation of 
wealth than in an agricultural or commercial population. One important 
reason of this is that a larger share of the population are engaged in production, 
and a larger amount of capital is employed. Women and children, who could 
earn but little in agricultural labor (and none in commercial), can earn much in 
manufacturing. Manufacturing need never stop, summer or winter, cold or hot, 
wet or dry.'* 

These facts are not pleasant to contemplate, but they 
must be faced whenever an earnest effort is to be made to 
Stio^f.*^*^* compe- jjj^j.gj^^gg ^j^g prosperit}^ of Baltimore, be the time present 

or distant It is idle to expect to escape competition with 
other cities, and equally idle to expect success therein 
under existing circumstances, or to depend for municipal 
growth upon sporadic seasons of national or local pros- 
perity ; for in these days of rapid travel, cheap and quick 
transportation, those centres best equipped with plant and 
skilled workmen will inevitably, in seasons of prosperity, 
substantially absorb the profits of quickened trade. In 
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the United States seasons of great prosperity are succeeded 
by periods of stagnation of trade, which subject our insti- 
tutions to great strain. During these recurring periods of '«" «ndu»y i" 
business depression, and because of the dearth of staple **•** depreasion. 
and diversified industries of magnitude, Baltimore suffers 
disproportionately to other centres of trade. I am told 
that this strain was particularly severe when, during the 
labor disturbances of 1877, traffic was interrupted on her 
principal remaining element of commercial prosperity — the 
Baltimore and Ohio trunk-line system. Had the earning 
capacity of the city accrued, in any material degree, from 
manufacturing industry, the depression would not have 
been so great. 

Mr. Mather, in commenting on the industry of our city, Mr. Mather com- 
says : " Baltimore does not possess any large distinctive Siuciw!^^ '**'*" 
manufactures; her trade is chiefly that of grain and 
timber export." Though a mere statement of fact, this 
quotation contains a reproach to our city, whose great 
opportunity is that of distinctive manufactures, and whose 
great want is an increase of productive capacity. It 
cannot be too often reiterated that we need greater indus- imperawve need 

.... n* \ 1 • • 1-1 Of greater Indus- 

trial activity to afford employment to our citizens, to add to "^*** *«'*^**y- 

the value of our property, to increase municipal income, and 
to attract capital and men of business to our city. But at this 
time to what industry can our people point as, in a visible 
degree, drawing foreign population for permanent residence 
within the limits of their city? Or what inducement do 
they hold out to capitalists to bring .wealth from other 
localities and settle here with a view to engaging in indus- 
trial pursuits ? Our own citizens are phenomenally back- 
ward in investing in extended business enterprises, and in 
the iabsence of special inducements it is useless to expect 
aid from foreign business men or capital. Commercially 
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our city will remain nothing more than a second or third- 
rate exporter of raw material until, within its corporate 
limits, this raw material is converted into manufactured 
products. 

Some cities depend for their prosperity upon the manu- 
facture of special products, as witness Manchester, which 
so long enjoyed pre-eminence through its cotton textile 
fabrics, though it imported all the constituents thereof; 
Crefeld, a wealthy Prussian city, which depends for its 
prosperity almost exclusively upon its silk manufactures ; 
Sheffield upon its cutlery, and Lynn, Mass., upon its manu- 
Baitiinore can- facturcd products of leather. But, as has been said, Balti- 
diatinctive manu- morc cau boast of no distinctive manufactures. Our only 

facturcB. '^ 

hope of industrial prominence lies in the inauguration of a 
multiplicity of varied industries. 

There is abundant testimony to show that a city's 
prosperity may result from a great demand for some 
local natural production, or even from limited markets 
where there is no competition. Of this we have an ex- 
ample in the city of Pittsburgh, whose wealth is dependent 
upon the iron and coal trade; as alsojn the oyster trade, 
of which Baltimore for many years enjoyed a substantial 
monopoly, and which is still of sufficient magnitude and 
financial importance to count as a chief element in the 
tefridSstJy de/*' ^^^j'^ prosperity. But this oyster trade can by no means pro- 
ciining. yjjg support for our large population, and even respecting 

our oysters it is to be remarked, parenthetically, that for 
want of care, proper legislation and development, the beds 
of the Chesapeake are rapidly decreasing in yield, and 
already the oyster industry of Long Island Sound has 
become an active and powerful competitor of, and bids 
fair to eclipse, our home trade. Unless, therefore, 
efficient means are speedily taken to replenish our waters, 
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the time must soon come when " Baltimore oysters" will 
be as rare as " Baltimore clippers." 

In times past, a city like Baltimore, possessing within 
its boundaries (or by reason of cheap transportation, or 
favorable location, holding tributary to it) abundance of raw^^at^ru^ aud 
cheap raw materials might, if it possessed, additionally, u,7o*So'"iSSKlrV 
lacilities tor cheap manufacture, successtully compete withcompemion. 
less favored rivals, without much regard to the quality 
and finish of manufactured products. But in these days, 
when rival transportation lines distribute crude materials 
to competing points upon substantially equal terms, with 
little regard to long or short hauls, and when the cultivated 
tastes and luxurious habits which result from increased 
wealth create an active demand for superior quality and 
finest finish, such centres as are best prepared to turn out 
first-class articles yvill control the market. It is just here 
that educated and skilled labor becomes a factor of the 
greatest potency, because, as has been shown in the first two^^^^^n^y '^l^^ 
sections of this report, while improving quality, it uniformly ^*^°'"' 
cheapens production to such an extent that the control of 
such labor has enabled many cities to overwhelm trade 
competitors who possessed cheaper raw material or better 
natural facilities. That we are totally unprepared to avail 
of any artificial means of bettering our condition is patent 
from the Report of 1877 already referred to, which in 
very strong terms sets forth our deficiency in regard to 
manufactures. However great the national and foreign 
demand for manufactured products might be, were all 
other factors present, the dearth of skilled and trained 
laborers in Baltimore is so great that it could not, to-day, 
compete with other cities in the manufacture of special — 
and not even of many staple — products. 

Low rents and taxes and favorable laws have very great l<>w rents and 
attractions for capital, and hence many towns, without 
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possessing any special natural advantages, have received 
the impetus which resulted in their becoming large manu- 
• facturing centres purely as the result of a liberal municipal 
policy. But while exemption from taxation and other 
special privileges are influential in building up new and 
reviving and extending old enterprises, by inducing the 
investment of capital, yet, in the present era of active com- 
petition and small profits, a factor more important to their 
permanency is the aasrinrance of skilled and intelligent labor, 
an abundance of which has been shown to attract capital far 
Comparison be- niorc than the other advantages enumerated. Comparison 
HurphiiRdeTpwa between Philadelphia and Baltimore aptly illustrates thb. 

an manutacturing x •' 

centres. For commcrcial purposes no better, and for manufacturing 

purposes not so advantageously, situated as Baltimore, 
Philadelphia, first by offering special exemptions from 
taxation and other inducements for the investment of 
capital in manufacturing works and, later, by the establish- 
ment of such technical and industrial schools as the 
Mechanics' Institute, Spring Garden Institute, Franklin 

Facilities for ? r O > 

lrl>hn?deY5li^^^ Institute, the Philadelphia School of Design, the Pennsyl- 
vania School of Fine Arts, the Pennsylvania Museum and 
School of Industrial Art, the Mechanical Department of 
Pennsylvania State College, Girard College, and the 
Philadelphia Manual Training School, has grown into and 
maintains its position as the second city in the Union, and 
as pre-eminent in its manufacturing and allied industries ; 
while Baltimore, practically without technical institutions, 

caiijr without tech. except tho meagre facilities of the Maryland Institute, 

and until lately with onerous and unusual taxation, has, 
as stated by the city's commissioners on the estab- 
lishment of manufactures, substantially starved out its 
old, and prohibited the undertaking of new, manufac- 
turing enterprises. We may deepen our harbor and make 
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valuable additions to our natural and artificial facilities for 
trade and commerce, but, as Mayor Latrobe aptly remarked 
in his message (1877), "We should remember that it is not 
commerce alone, but commerce and manufactures together, 
which will insure the future prosperity of the community." 

Comparison between the present condition of Baltimore Baitimoreii 

taokwardiieas to- 

and the industrial status of many European cities that have»|»JJ«'^^nj^\»^Y"^ 
experienced its vicissitudes only goes to corroborate the®^"^"^*^* 
conclusion herein announced — that the backwardness of the 
former results from the insufficient technical education of 
our artisans and laborers. [Exhibits D, E and F.] Neither 
our immense resources in the shape of raw materials, our fa- 
cilities for manufacture, our advantages in the way of cheap 
living and healthful climate, nor the offering of low taxes and 
rent, nor all these combined will effect, at this late date and 
under existing conditions of trade, the restoration of Balti- 
more to its normal position among the industrial and 
commercial centres of the country. But if we crown all 
these advantages with that most potent of all agencies for 
promoting industrial prosperity, a combination of superior 
skill and intelligence on the part of our managers and 
workpeople, we may then hope to stimulate new business 
ventures and to see Baltimore once more taking rank with 
the first cities of the nation. It is very generally conceded 
that no enterprise turning out products for sale can success- 
fully compete in our own and foreign markets unless 
superior skill and intelligence can be secured to conduct 
it. Certainly then it is only reasonable to suppose that if Kew indu»trcai 

• 111 i*ii • • 3 A enterprises win go 

special schools are essential to success m any industry, where teoimicai 

. -ii. t t 1 training Is pro- 

men who desire to engage in that business would rather ^*<*®<»- 
go to a city where such schools are already provided than 
to a city like Baltimore, where, before they can hope for 
success, they must be at the expense and trouble of estab- 
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lishing or helping to establish technical schools. We have 
an abundance of crude labor, as well as of cheap and crude 
material; but preliminarily to converting that material 
into attractive and useful products we must so train our 
artisans as to make them at least the peers of foreign and 
home workmen following kindred pursuits. Then, when 
men of means and enterprise realize that we offer them 
not only raw materials and the same concessions and 
liberal policy that have proven so successful in promoting 
the corporate prosperity of Philadelphia and other cities, 
but likewise the necessary skill and intelligence to transform 
those materials into marketable commodities, we may 
reasonably count upon the assistance of outside capital in 
starting a host of manufacturing and kindred enterprises. 
In every field where American enterprise has entered, it 
has asserted itself and has been fully recognized — especially 
in labor-saving inventions for agricultural purposes. What 
has been accomplished in agricultural machinery can be done 
^ ^Ai)uudauce of in metallurgy, textile fabrics,w^ood-work, railway appliances, 
rn<?r«.^*'^ ^ ^*'"' ^tc. Nowhcre are there cheaper or more extensive deposits 

of minerals, timber and other raw material than in the 
vast mountainous regions of Maryland, Virginia and West 
Virginia, tributary to this city. Ample capital is seeking 
Capitol seeking investmcnt in any business in which profit is reasonably 

certain ; machinery embodying the latest designs of the 
inventor's skill can be procured ; markets are accessible ; 
what is needed is skilled and educated laborers to direct and 
carry on the industries which convert raw material into 
manufactured products. But skilled and intelligent work- 
men are not found to hand ; they must be made. 

The foregoing may appear to be trite remarks, more 
suitable for trade reports or the proceedings of civic 
banquets than for embodiment in a report of this character. 
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but they bear gravely upon the condition and prospects of 
Baltimore, which it is but too apparent to those who travel 
extensively is, nationally considered, a provincial town. It tiSJin^rii^ogn^z^^d 

• J . • 1 • i. * a1- j as an Industrial 

IS a sad commentary upon our commercial importance that or trade centre. 
one seldom sees our special wares announced beyond 
local markets, nor paraded in the elective manner in 
which centres of far less size and wealth make known their 
productions or commercial advantages. During several 
extended visits to the Pacific coast I seldom heard Balti- 
more mentioned in business circles beyond the Mississippi 
river, save as the place whence oysters come and where St. 
Jacob's Oil is manufactured. Very recently the executive 
officer of the Board of Trade of Portland, Oregon (the second 
city in importance on the Pacific coast and claiming to be the 
wealthiest, per capita^ in the country) — himself a Balti- 
morean — advised me that, though his office is constantly 
supplied with all the trade publications of every other ex- 
porting city of the Union, it was with the greatest difficulty 
and only after repeated efforts that he had succeeded in pro- 
curing for his board any statistical information concerning 
Baltimore's productions and exports. 

The obvious deduction to be drawn from the foregoing 
facts respecting the city of Baltimore is that our manufac- why ourmauu. 

. . I'l.' i.i»xl. A /.'acturlug arts . 

turing arts are languishing as much irom the w^ant ofiangui»h. 
skilled and intelligent artisans and managers to direct 
their operations, as from the lack of capital, cheap raw 
material, or natural facilities for production, and, from what 
has been stated in the first section of this report, it is evident 
that, in order to stimulate our manufactures and trades into 
greater activity, we must afford our people additional and 
better opportunities than now exist for acquiring industrial 
training and technical knowledge of our established indus- 
tries, and of others which might be inaugurated here, with 
profit both to capital invested and to the city at large. 
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As one of the first steps toward securing much-needed 
fouSd ta"SSii<2S additional facilities for the technical training of Baltimore's 
training. youth, there should be radical changes in the present 

methods* and character of public instruction. I fully 
recognize how much easier it is to point out errors of 
administration than to suggest wise remedial measures, 

Difficulty ot Bug- 

uiSi m^M^SJS!"** *^^ ^^^ unbecoming it would be in any one to make such 

suggestions without special preparation and recognized 
fitness for the task. To change the character of public 
instruction in a great city like Baltimore is a very 
serious undertaking, and no proposition contemplating such 
action should receive serious public consideration unless 
sustained by irrefutable facts and arguments. But while I 
conceive it to be altogether outside my duty, even on behalf 
of the material interests of our service, to propose lines for 
BeaaonB tor con. municipal policy, and while I believe your instructions 

^iionai laciiities wiU have beeu measurably executed when I shall have 

of Baltimore. "^ 

given you a clear idea of the character, extent and effects, 
in general, of technical training, and specifically of the 
beneficial results that may, with reasonable certainty, be 
counted upon to follow the inauguration of technological 
instruction in the Baltimore and Ohio service, I also feel 
that the character of tuition under the public-school 
system of Baltimore and the State of Maryland is of as 
paramount importance to any technological work at Mt. 
Clare as is the commercial prosperity of the city to the 
revenues of the Baltimore and Ohio Railroad Company. If, 
in order to secure in its staff and in the rank and file of 
its service the same (if no greater) skill, intelligence and 
consequent eflBciency that our Northern and Western rivals 
enjoy, the Baltimore and Ohio Company is unable in 
the future, as during the past year, to procure from the 
great mass of population in Baltimore enough candidates 
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for apprenticeship possessing the minimum elements of a 
grammar-school education to meet the requirements of the 
service, but must undergo the additional expense and labor 
of instructing its apprentices in those rudiments of £}nglish 
education which are absolutely essential as the ground- 
work for even the most superficial technical training, it 
will be well to consider whether economy and the best 
interests of the service will be promoted by continuing Mt. 
Clare as a construction station; and whether greater 
economy and more satisfactory plant will not be secured 
by distributing its machinery among the company's repair 
shops, and depending for articles now manufactured at Mt. 
Clare upon those outside works which —by reason of their 
employes having acquired a higher knowledge of the scien- 
tific laws that underlie their trades, and greater skill and 
higher intelligence than prevail among the artisans of 
Baltimore — turn out with economy the highest grade of 
such products as we now manufacture. 

It would seem that, in view of our large expenditure for 
free public schools, there should be no di£5culty in secur- 
ing educated boys for apprentices. The appropriations for 
the public schools of Baltimore aggregate about three- ^ 

A oo o Cliy school atii' 

fourths of a million dollars annually, out of which nine '*•"^"• 
hundred and sixty-three teachers are employed to conduct 
the schools. The estimated population of Baltimore at 
the present time is 400,000. The number of children and 
young people of school age (between 6 and 21) at the 
last enumeration in 1879 was 86,961 (it is now probably 
100,000), of whom 52,970 were enrolled in the public 
schools in the year 1885-6, and the average daily attend- 
ance was 34,217. There are no statistics showing the 
number in attendance at the various private schools in 
the city. Of the 100,000 children and young people who 
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ought to be in school, perhaps 95 per cent, of the males, 
and a large proportion of the females are destined to 
gain their own livelihood — a majority in the trades and 
manufactures — and many must, wholly or in part, con- 

Necessity of tribute to the support of others. The overshadowing impor- 
uon^to w*LSw"o?*uie tance of so shaping our system of ecjucation as to convert this 

great army of future citizens into intelligent and law-abiding 
men and women, who shall be able to maintain their self- 
respect by at least providing for their own wants, induces 
me, not only on account of the needs of ouil* own service, 
but also from a consideration of the future well-being of 
the laboring masses and of the city of Baltimore, to unite 
with General Counsel Cowen in invoking your active efforts, 
" both as an officer and a citizen," in solving the important 
question how best to afford our working-people that 
character and quality of knowledge and training which 
will qualify them for conducting successfully the occupa- 
tions of industrial life as they exist to-day, and which all 
interests, individual, corporate, municipal and national, 
alike require they should enjoy. In view of the peculiar 

Necessity of uni- identification that exists between Baltimore's political and 

ted action In bring- , . , • . 

ing about needed educatioual svstems, it IS apparent that, to secure any sub- 
changes lu public J 7 rr 7 j 

instruction. stautial or valuable change in existing methods of educa- 
tion, will require the active countenance and support — 
without respect to political bias — of our entire business 
community, as well as of all other citizens of responsibility 
possessing knowledge of the conditions and needs of the 
city. Already many intelligent working-people are begin- 
ning to realize that if any improvement is to be made in 
their material condition, it will be through the proper 
education of their children in industrial occupations, and 
that therein, far more than in the false movements and 
agitations of trades unions, lie those elements which, 
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properly fostered, will insure the permanent betterment of 
their condition. It has been wisely said that "from 
domestic economy rather than from political economy 
will come the solution of the labor question." In thrift 
and industry, and in recognition, on the part of employers, 
of the justice and necessity of encouraging, in a practical boui labor luui 
way, all legitimate eflforts of workpeople to improve their *>y';»»^"»^i«{»^'""'* 
condition, surely lies the true solution of the great problem 
of labor versus capital ; for you will have observed, from 
the historical sketch constituting the first part of this 
report, that in those localities where industrial education 
and technical training have been most promoted by employ* 
ers, there, also, are the least friction and the least agitation 
of the complex and vexed questions constantly arising else- 
where between employer and employe. In this connection, 
I extract from the September number of the New Princeton 
BemeWy for the current year, the following citation from 
the proceedings of a New England Workingmen's Club : 

•• We have examined the reports of attendance, and the coarses of study* of 
many of the public schools in inanufacturii)g towns in various parts of the £^^^j'^J,\.2j]JJ^. 
country, and the impression made upon our minds is that the arrangement of men's ciub upon 
studies is, in the mam, adapted to the wants of pupils who take the full public- ^^ oducation or 
school, or high-school, course, so as to be prepared, or nearly prepared, to enter J^hJ})."*"^*'"'* 
oollfge. 

We also find, by extended inquiry, that a large proportion of the chfldren 
of laborers, especially in manufacturing and mining communities, leave school 
finally before they are fourteen years of age. It appears to us that the educa* 
tion of these children is, usually, peculiarly inefficient, and, as a preparation for 
practical life, of little utility, from the fact that they have been employed mostly 
in heffinninga in various branches of knowledge, and have acquired but little 
that is complete in itself. The studies for pupils under fourteen years of age 
seem to be, in great measure, only a preparation for the work of the more 
advanced classes, and they arc therefore of uncertain value to those who most 
leave school at the ago mentioned. 

We recommend tfiat the club invite the co-operation of workingmen who are 
interested in education in the eifort to arrive at some practical conclusion regard- 
ing the particular education which working-people need — the kind of knowledge 
or trainmg which can be obtaine<l at school which will be of most worth to them 
in mature life — and we suggest that it would be well to obtain and compare 
opinions as to a course of study, or different special courses of study, for boys 
and girls who must leave school at fourteen years of age. 

We will add that it appears to us that such inquiries will be more likely to 
yield valuable practical results if some division is made of the subject of educa- 
tion, than if it is taken up as a whole, or in an abstract or general way. The 
following is suggested : 
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Scope nud meth- 
«Ml8 or our achool 
system. 



1. It is desirikble that the children of working*people should obtain at school 
knowledge and training which shall be, in some measure, complete in itself and 
available for use in after years regarding means and methods for the preserva- 
tion of their bodily health. That is, they should receive specific instruction as 
to healthful ways of living, and in the care of their eyes, teeth, digestive organs, 
and other bodily faculties. The ordinary methods of teaching physiology in 
schools seem to us rather vague and ineffective, and, at any rate, not suited to 
the needs of the class of pupils we now have in mind. They should be taught the 
value of pure air and of pure water, and of some measure of out-of-door enjoy- 
ment, in relation to health of body and mind. 

2. Laborers of all classes need far greater readiness in "the use of figures," 
in ordinary business operations with numbers, than is usually attained, even by 
the advanced pupils of our public schools. Our children should be trained to 
thorough efficiency in the use of the tables and rules used in measuring or ascer- 
taining quantities of all kinds in actual business, such as brick-work, stone- 
work, and everything connected with building operations ; in the measurement 
of articles of merchandise, of surfaces and solids of various kinds, and in the 
methods of computation for interest, percentage, etc. 

8. They should be taught whatever will be in the greatest degree Ferviceable 
in enabling them to make life interesting for themselves and for those about 
them, and should be early taught that they must depend mostly upon them- 
selves for this object. As one of the best means to this end, they should be 
taught to understand, enjoy and respect the powers of the English language, 
and should be trained to speak and write it with directness and sincerity, so that 
while they subsist by the labor of their hands, the life of working-people may 
lie made attractive and interesting to themselves l)y thought. We believe that 
the inefficiency of education, and the vagueness and uncertainty of thought or 
mental vision which it produces, are highly injurious to the interests of the 
working-people of our country.** 

In order to suggest intelligent direction for your efforts 
and those of other public-spirited citizens whose active 
occupations and pursuits forbid their giving this subject 
the close investigation and thought its importance and 
great scope demand, it is proper briefly to enumerate the 
proposed objects and methods of our school system, as at 
present conducted, and then invite attention to the views 
of those best qualified to make suggestions and recom- 
mendations for improving our present method of public in- 
struction "in the interest of those working-people of limited 
means who wish their children to look forward to manual 
labor as the means by which they are to obtain a liveli- 
hood," and fitting it to the industrial conditions that must 
exist hereafter. It will be sufficient for this purpose and 
will prevent unnecessary enlargement of this report to 
review, very cursorily, the educational facilities and 
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institutions of Baltimore; the character of instruction 
afforded and its bearing upon the industries that it seems 
essential to our interests to improve and promote — refer- 
ring you to our annual school and other municipal reports 
for more detailed information. 

First and most important among our educational insti- 
tutions stands the system of public schools. These com- 
prise primary grades, enrolling last year 24,511 pupils; Enrollment m 

J IT -I0001 •! 'i.!.- i_ the public schools. 

grammar grades, enrolhng 13,381 pupils; city high 
schools, enrolling 1163 girls; the City College, enrolling 
630 boys ; the Manual Training School, enrolling 120 
boys. [Report of Commissioner of Public Schools, page 56.] 
The subjects taught in the primary grades are reading, subjects taught. 
spelling, elements of arithmetic, penmanship, drawing, and 
vocal music. The same studies, with geography added, 
are pursued in the grammar grade, which requires five 
years for completion, and physiology, history, grammar 
and composition, algebra, geometry, and elementary 
physics, are begun toward the close of the grammar 
course. The subjects taught in the City College, in citycouege. 
addition to the common English branches, are English 
history, book-keeping, chemistry, natural philosophy, 
Latin, Greek, French, (Jerman, literature, algebra, geome- 
try, trigonometry, calculus, astronomy, mental and moral 
philosophy, logic, and Constitution of the United States. 

The advanced studies in the girls' high schools are Girisnigh 
elocution, French, physiology, etymology, mueic, algebra, ®^*'^^*'" 
drawing, literature, rhetoric, natural philosophy, geometry, 
history of United States, mental philosophy, book-keeping, 
and astronomy. 

The other public and endowed institutions accessible to other pubuc aud 
residents of Baltimore are the McDonogh Institute, with *» Baltimore. 
a capacity for about 100 pupils ; the Maryland Institute, 



68 

with very inadequate accommodations for perhaps 500 or 
600 students ; the University of Maryland, for students 
of law and medicine ; the State normal school and colored 
normal school for training teachers ; and the Johns 
Hopkins University, which affords higher instruction to 
such students from different parts of the world as possess 
the high standard of qualifications necessary for admis- 
, sion to its classes. 

With the exception of drawing in the public schools, 
but little is taught that serves to fit pupils for industrial 
lua^^u^tioS^nart^ Of the schools profcssing to teach, in a 

'ijience. practical way, the science and arts underlying the indus- 

tries of this country, there are only the Maryland Insti- 
tute, the Manual Training School, and the McDonogh 
School. The first of these has to do with the arts and 
with drawing, while only the latter two pretend to teach 
applied science ; and together, they afford instruction to 
fewer than three hundred boys, many of whom are in 
these schools for only a secondary purpose, expecting, 
ultimately, to become clerks, shopkeepers, or professional 
men. 

At the present time in the city of Baltimore almost 
nothing is being done in the way of affording evening 

Evening Instruo- ..... , , i • i i 

t»«>n. instruction to young people who are engaged in labor 

during the day. The attempts that have been made 
s towards doing something in this direction by the public 

schools have not been very successful. No doubt one of 
the principal reasons of the failure is that the instruction 
offered to boys and girls has not been suflSciently practical 
to induce them to put forth the exertion required to enable 
them to profit by it. 
HAiiiniore-8 lim- From thcsc scantv statistics and citations it is readily 

Ited facilities for •' •^ 

practical training, jg^^jj ^j^g^^ Qj^jy ^ f^^ schools, with vcry Hmitcd capacity 
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and insignificant financial support, can be classed as afford- 
ing our working population a knowledge of the sciences as 
applied in industrial pursuits, and, therefore, the members of 
this large class necessarily enter the usual occupations of life 
untaught in technical knowledge and untrained in manual 
skill. Lacking the technical knowledge and the manual 
training to perform intelligently and skillfully the operations 
of the manufactures and other kinds of industrial work they 
expect to pursue all their lives, they must waste years that 
should be devoted to school or to earning wages, in acquiring 
sufficient manual dexterity to make their services valuable 
even in this market, and in doing this they forget much of 
the temporary information acquired at school. Manifestly, 
therefore, in order to supply the missing link in our public- 
school system, something must be done to provide facilities 
for imparting information and affording training of a char- 
acter that will fit the workingman's children for acquiring 
such scientific knowledge as can be utilized in their 
various occupations. Of the ^715,362 appropriated by 
the city of Baltimore for public-school instruction for the 
year 1885, only ^12,800 or 1^ per cent, was devoted to con- 
ducting the Manual Training School, and this is the only 
purely industrial institute provided for under our public- 
school system. The reniainder of this very large sum is ^^ monor 
divided into sub-appropriations for the several grades de- "®*'^* '""***• 
voted mostly to literary training. Included in this general 
sum is $6000 for conducting evening schools, which, how- 
ever, are devoted entirely to the common English branches. 
While only ^12,800 is devoted to special industrial educa- 
tion, about ^75,000 — or more than 10 per cent, of the 
school appropriation — is annually expended in maintaining 
two high schools and the City College, which do little 
toward fitting their pupils (about 1800 or less than 4 per 
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cent, of the enrollment) for handicrafts — their curricnhi 
being intended to qualify pupils for clerkships and the 
learned professions. 

As the Johns Hopkins University is exclusively devoted 

to higher education ; as the Maryland Agricultural College 

is practically a cipher in affording technical training ; as 

speoi^fiudl^ttiai *^® Manual Training School, even were it an eflBcient insti- 

S^uaily ^"t^onV* tutiou, as iu poiut of fact it is not, could instruct only 1 50 

as the claiina for- _ _ _ /»/»i t% » n ii. 

ai;^«ciai literary Doys, or Icss than three-fifths of one per cent, of our public- 
school enrollment; as the Maryland Institute, with its 
meagre facilities and insufficient support, affords only special 
instruction in art and drawing, it may properly be said 
that Baltimore, with a population of nearly 400,000, a 
school enumeration of nearly 100,000, and an annual school 
expenditure of nearly three-quarters of a million dollars, is 
practically devoid of facilities for fitting her working classes 
for their life work. In view of these facts, I apprehend it 
is not overstepping the bounds of propriety to suggest, in this 
report, that those children whose circumstances or inclina- 
tions clearly point to an industrial career should have facili- 
ties for special training bearing on their life work relatively 
equivalent in extent to the facilities that are now afforded 
in our City College and high schools to those who expect to 
follow avocations of a different character. It is not intended 
by these remarks to claim that public-school instruction 
should fit persons for industrial pursuits alone, nor that it 
should attempt unduly to dispose children towards those 
pursuits, but that it should afford opportunities for qualify- 
ing those whose circumstances and dispositions or genius 
point directly to industrial occupations, for that sphere of 
labor, just as it now fits others for literary work or the 
learned professions. That technical education has a claim 
on our municipal schools equal to that of literary educa- 
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ward, when thej come to work, and jou utterly ignore in all your public schools 
that element of industrial training which seems to me so necessary for every 
people — ^particularly a people like the Americans, so mechanical and industrial 
in tneir occupations. 

Ijooking at the course of education of the grammar school, the graduates of 
that school everywhere appear to roe to have spent a great denl of time on the 
refinements of grammar and of literature — education of very little consequence 
to them when they fniss into their life-employments — and during that time they 
have no opporttniity of acquiring knowledge of the natural laws or elements of 
chemistry, physics, or the various sciences that underlie all the industries that 
abound in the country, and into one or the other of which these children are 
parsing. That is all a dark and unknown land to them, and I think it is a mis- 
fortune to the working classes of this country that their education runs so much 
to the side of literature, and not to the industrial and scientific side. 

To illustrate how readily children can acquire such information, we have 
adopted in England, in our new ** Board *' schools, quite a different system. If 
you examine a boy of twelve to fourteen years of age in our new '* Board '* 
schools throughout any of our large cities, you will find that he will at that age 
know as much about the elements of simple mathematics, mechanical drawing, 
physics, chemistry, electricity, magnetism, and all those general elements of 
science, as many of your boys and girls do in the high schools when they are 
sist-een or seventeen years of age. That is not ov^ing to the fact that our boys 
and girls are any smarter or more intelligent than yours, but is owing entirely 
to the system of education adopted. We are endeavoring to bring this naiunu 
system of etlucatinn in our country to a point where it will be of use to the 
working classes chiefly ; and we enaeavor to teach them those subjects that will 
have a direct bearing on their future employments. Without teaching them a 
trade, or any particular handicraft, all the tendency of the teaching is to make 
them either commerciMlly or industrially a success, in the way of having some 
scientific knowledge which they can utilize as they pass into their various occu- 
pations. 

I find in this country what I should call lamentable want in this respect. I 
think it only requires that your public men. your educators, should take this 
into immediate consideration, in order at once to alter the curriculum of the 
grammar schools, so that a large portion of the time should be devoted to these 
more important subjects, and less given to the facts of ancient history or remote 
matters, which the children will probably never think of when they once pass 
out of school into the ordinary occupations of life. •*•••••* 

Under the ordinary arrangements we are now trying to introduce industrial 
occupations generally, and we have thus far tried it to the extent of joinery or 
carpentry classes. We have in several of the Manchester schools put up sheds 
for carpentry classes, fitted up with benches, and turned every boy in the 
school, nolernt volens, who is as much as ten years of age, into the carpentry 
class for three hours every week, dividing the time into three lessons per week. 
There all the various timbers from all parts of the world are collected, and a- 
little lecture is given to the boys as to the character of the woods and what they 
are good for. Then each boy must take his tools and cut from a log a certain 
piece of timlier, under the instruction of the foreman of the department So 
each boy goes through the different lines of work in the department, always 
under instructions. This has had a wonderful effect on pupils, and has really 
increa5ied their intelligence, so that the three hours lost from the other depart- 
ments of the school are not, in fact, lost, as the boys keep well abreast with the 
others in the other studies. 

V* You find this industrial education quite as beneficial to the intellect as the 
pursuit of the studies in the literary department ? 

A. Yes ; it would almost seem to have revealed to us already that the proper 
method of training the intellect is to join industrial work to the teachings of the 
school. We find these boys are more capable of understanding the oral teaching 
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and they understand better what they read. Their minds are made more 
reflective and receptive by the fact that they have depended more upon thorn- 
selves, and put into operation the knowledf^re that they have before acquired in 
the schools. That experiment has been tried, as you are proliably aware, very 
extensively in France since the Republic was established there, and with very 
remarkable results. On seeing, in some cases, the benefits to be derivid from 
that plan, we have msde some experiments in England, and we think they are 
so SHtisfactory that we shall endeavor to bring to adoption in all our public 
schools some plan of industrial or mechanical training to go side by side with the 
intellectual courses. 

Q Will you be kind enough to give us the results of your investigations, if you 
plea.«e? We shall not often have opportunity to get it from so authoritative a 
source. 

A. Well, I hardly think it would be quite pertinent to the question we are 
discussing. All I need to say is that I think the opportunities in France, 
Switzerland and Germany for technical training have of late years become 
quite extensive. In all large cities the training is very thorough. If they err 
at a>l there, it is, as I think, that they theorize too much, and cause their 
students tf> imagine that, in passing thnmgh their technical schools, they have 
already acquired all the knowledge necessary to make them engineers, chemists, 
miners, etc., and that actual, practical work in shops, mines and laboratories is 
not necessary. That is the evil that is encountered by their methods of teach- 
ing, and is one that 1 think neither Americans nor the English are likely to see 
in their own systems when they adopt anything of the kind. 

As you know, ^ur country does possess already a considerable number of 
very remarkable technical schools, which certainly are not surpa^^sed by any 
school in Europe. They are schools, however, that are not available for the 
working clas^tes, as are those of Germany, France and Switsserland, and what 
little we have done in England. They belong to a higher rank in »>oiety, and 
therefore you have not felt them in your ordinary life. But for the training of 
skillful managers, foremen, and even proprietors of large industries, about a 
dozen of the schools and colleges of this country are not surpassed by anything 
in Europe. I need only to refer to the technological instil ute at boftton. for 
example. That form of school is purely technical, and, in the bninches which 
they adopt for their course of teaching, they have a practical method of carrying 
out all the occupations, industrial and practical, in a simple form before the 
studentJ which 1 think is much more to the purpose than anything done in Europe. 
The American mind is essentially more practical than the Gennan or the French, 
and in these schools we see the e£Fect of the difference. They keep their eyes fixed 
upon one thing — that these young men are to become masters or captains of 
industry — and, therefore, all the teaching has a strong practical bias. The State 
universities in this country — those coming under the national grant— would, of 
conr«e, b»»cr»me excellent sources for technical and industrial learning, which 
might be utilized largely without costing much money, either to the State or to 
the community. 

Tou seem to have a widespread — almost universal — opportunity for all the 
people here to get a technical and scientific education. All that you wa> t is a 
shuffling of the cards to alter the curricula of the various institutions. There 
is more spent in this country for education than in any other country in the 
world — both [ think by private beneficent individuals who have left money for 
certain colleges and universities, and, of course, by the generosity of your towns 
and cities in the public-school system — that is a fact of world-wiile notoriety. 
I do not think the working classes here have anything at all to complain of in 
reg}vnl to education, except that it does not have a strong enough and close 
enough relation to the industries which the working classes pursue. 

When you turn out nine-tenths of all the boys and girls in this country from 
the schools at the grammar-school age— fourteen or fifteen — you can see how im- 
portant it is that at that age they have not been carried through that precise 
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course of study which those may reasonably pass through who intend to pursue 
education up to the age of eighteen in the high school. I suppose it would be 
a very simple matter to make such regulations in regard to primary and indus- 
trial schools for those children whose parents intend they shall leave at fourteen 
or fifteen years of age, and not pursue the high-school studies ; that in those 
cases such a change could be made in the curriculum of all the grades that the 
teaching should be more of an industrial character, and afford the information 
and training that will enable them to pursue their occupations more intelligently. 
That, I think, is a thing that the workpeople have a right to claim hei^ — ^a 
revision of the course of instruction in the public schools. 

One thing I have heard remarked by many Americans, and observed myself 
as I have gone through the country — that boys and girls just arriving at the age 
for entering into occupations involving manual lat^r rather seek what we call 
in Bngland polite employments — to he clerks, or to be in stores, or some work 
that does not involve manual labor. Frequently there is considerable difficulty 
in some of the mills and manufactories m keeping there those who may have 
commenced to learn a trade or occupation, because they And manual labor un- 
interesting, as they are sure to find it when they have no knowledge whatever 
of the meaning of all this labor, or of the scientific truths underlying it all. 
Their respective powers are not interested ; hence manual labor becomes a 
drudgery, and they soon leave those industries if they have opportunity. Most 
of your employers say they cannot keep American youths at this work. They 
do not like manual labor. 

We want to elevate and exalt the idea of manual labor in England. We do 

not want our public-school system to give the children of the working-people 

the idea that labor is low, uninteresting and vulgar. We want to avoid that by 

giving them oppoitunity to take interest in the sciences that underlie all our 

« industries, ana so imbue them, through that instruction, with an intelligence 

that will give them an enjoyment of life unknown to their fathers. That char- 
acter of instruction it is not possible to get at such schools as I have described. 

At a joint meeting of the National Teachers' Associa- 
tion and the American Institute of Instruction, held at 
prominent oduca- Saratoga iu 1882, there was a report on Industrial Educa- 
tion by a committee previously appointed, consisting of 
General Francis A. Walker, President of the Massachusetts 
Institute of Technology ; President M. C. Fernald, of Maine 
College of Agriculture and Mechanic Arts ; President M. 
H. Buckham, of the University of Vermont ; Prof. William 
H. Brewer, of the Sheifield Scientific School, Yale College ; 
William B. Weeden, of Providence, K. I., and John S. 
Clark, of Boston. This committee reported as follows : 

Your committee chosen to investigate the subject of Industrial Education, and 
to report thereon to your association, beg to submit the following as their con- 
clusions and their recommendations : 

Your committee are of the opinion that there should be incorporated in the 
present scheme of public education broader provisions than now exist for impart- 
ing to our youth the elements of knowledge and skill required . in the industrial 
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arts; not alone for the Aiwiuyimut ot thoee arts, but also as a part of the 
general sjHtom ot pablic education, having for its object training for citizenship 
through the normal development of individual power. 

To this end they would recommend : 

IHrat, The introduction into public schools of proper appliances for the devel- 
opment of the sense-perception of pupils, in regard to color, form, proportion, etc., 
hj contact with models and with natural objects. 

Second, The introduction into grammar schools of simple physical and chemical 
experiments for the purpose of acquainting pupils, through original observation, 
with the elements of chemical and physical science and their common applica- 
tions in the arts. 

7%%rd» The teaching of drawing, not as an accomplishment, but as a language 
for the graphic presentation of the facts of form and of matter ; for the repre- 
sentation of the appearance of objects ; and also as a means of developing taste 
in industrial design. 

Fourtk, The introduction into grammar and high schools of instruction in the 
use of tools ; not for their application in any particular trade or trades, but for 
developing skill of hand in the tundamental manipulations connected with the 
industrial arts, and also as a means of mental development. 

In view of the fact that much misconception exists in regard to giving instruc- 
tion in the several features recommended, and of the desirability of more informa- 
tion in regard to their practical introduction into schools, your committee 
suggest a further examination into the general subject of industrial education 
and its relation to public education. 

This testimony, oflScially published by so representative 
a body of practical educators as the National Teachers' 
Association and the American Institute of Instruction, 
hardly needs supplementing, though much more testimony 
to the same effect can be furnished, if needed, to serve the 
purpose in view. In lieu of more extended comment, I 
herein make a simple reference to Judge MacArthur's late 
book on "Education in its Relation to Industry,'' Charles 
Ham's new book on "Manual Training," and C. B. Stetson s 
work on •* Technical Education," remarking that all of their 
testimony is in perfect harmony with the strictures con- 
tained in the quotations from Mr. Mather's report [Ex- 
hibit M] and those made by Dr. Philbrick [Exhibit N] in 
the report on the City School Systems of the United 
States, which is in itself a compendium of the subject. 

In concluding the discussion of our public-school system 
I may remark that, broadly speaking, our lower and middle 
classes get no educational training beyond what is afforded in 
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.^ V-: :ne direction given their studies 

^ :. i.vs not entirely shape, their future 

^ . . -T />\ in the aggregate, our social, indus- 

t;\ This statement is simply a reitera- 

.^ '.x: ;f our school instruction, broadly con- 

: \ ,xing people only for literary pursuits 

,,, vov^tVssions, our industries must languish 

,.*. xxi persons to direct them, and lack of skill 

. ..vx* ia the performance of the labor necessary to 

. >csi ,/, dovelopmerit. On the other hand, if our 

V , V ^H'h as to fit youpg people for industrial 

^ ^ ^ i^< ^^ell as for professions and clerkships, thus 

ic i^rvikfessions and occupations requiring manual 

^ V . M ^'^ e\iual footing in point of dignity and qualified 

^ . * ^ c^ we may expect a systematic development of 

K, A a:il welfare. By giving more attention to scien- 

...^ r.v: ruction, and to the training of the hand and eye, 

^»; -iMio schools would not only do much towards 

•*vv *\^ *J^^ present requirements of industry, but the 

*vsw.iv^^ upon the schools themselves would be highly 

\ ocfuMul, and intellectual training would assume a high 

\.\luo iu all grades of society. Teach the boys in our 

k^uMiv^ schools that to be a carpenter, a machinist, or a 

uuuildcr, is just as honorable, requires no less skill, and 

uuiv be more profitable, than to be a clerk, or a doctor, or a 

Irtwvor, and there will be hundreds of qualified applicants 

lor apprenticeship in our best shops, and soon educated 

labor will take the place of uneducated labor, and intelligent 

uuH^luinics will displace those who refuse to learn more 

tluu) they already know. But as matters now stand, 

with scarcely any facilities in our school system for 

oV(»n the most elementary technical training, few boys 

who leave the higher grades of our schools have any 
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disposition to enter a workshop as apprentices; not be- 
cause they have no mechanical geliius or capacity for 
artisanship (for oftentimes their bent of mind is more 
in the direction of such pursuits than otherwise), but 
because their education has been such as to prejudice them 
against pursuits requiring manual labor, and to predispose 
them towards some other sphere of activity which they 
look upon as more dignified, and as giving them a higher 
social standing. 

It may not be gainsaid that Baltimore is sadly in need Kee<i of fa«uitie» 

</ O •'for higher tochul- 

of additional facilities for those of her youth who are to «** ^"^°'"*- 
become active managers of shops and factories or special- 
ists in industrial occupations. While there are many con- 
siderations which should induce the State or our munici- 
pality to take immediate action in the direction of provid- 
ing for the great educational want that has been shown to 
exist in our midst, one also not unnaturally looks for eflScient 
help in the direction of the great University which has 
already become so conspicuous a part of our educational 
system. There certainly are cogent reasons why the Reasons why im 
Johns Hopkins University should co-operate to this end ; umwrsuy shoum 

t •/ r ' promote Indus- 

prominent among which is the undeniable fact that its SuiSD"S?^'*^" *" 
trustees are charged with the administration of a bequest 
that was primarily intended by the testator for the practical 
education of the youth of Maryland and the South. Upon 
casual reflection only, an extended reference to the character 
of instruction in that institution might not be considered 
especially pertinent to such a report as this, but as one of 
its principal objects is to secure for our service a sufficient 
number of young men possessed of such general and varied 
knowledge and technical training as will fit them for the 
many positions of responsibility in this service, in which 
vacancies are constantly occurring, and as many of these posi- 
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tions call for greater skill and a higher grade of education 
than are at present contemplated in connection with our Mt. 
Clare school, the curriculum and methods of the Johns 
Hopkins University become, as a matter of fact, of great 
moment in this connection. Such reference is further 
Reiaiiousof justified bv the close financial and executive relations 

Johns Hoi>klii» to "^ "^ 

«. &0. R. R. which the founder of that University sustained to the 

Baltimore and Ohio Railroad Company, and by the fact 
that the greater part of its endowment is vested in the 
securities of that Company, whose successful and economi- 
cal administration is vital to its own prosperity and exist- 
ence. If, therefore, some part of the large annual income 
which the University enjoys through this Company's opera- 
tions (^136,236), and some portion of the services of its 
organized corps of experienced teachers and of its extensive 
equipment can be secured in aid of the higher training in 
mechanical and industrial pursuits of those to whom we 
must look for skilled and intelligent operatives, and of 
the children of our workpeople generally, than our limited 
facilities can afford, the interests of the Baltimore and 
Ohio Railroad Company, as well as of all other manu- 
facturing corporations, and of the city generally, will 
be materially promoted ; while the University itself would 
achieve great renown as the champion of high industrial 
education for the masses, and its trustees would, at the 
same time, relieve themselves of the blame which now 
attaches, in the minds of many of our respectable citizens, to 
their method of administering the Johns Hopkins bequest. 
The citizens of Baltimore are not alone in thinking that the 
managers of the Johns Hopkins University Trust have mis- 
judged, not only the intention of its founder, but also the 
spirit and the want of the iiation and of the present age. 
cruicisms on'^johns In this conncctiou, I again call attention to that exhibit in the 
8i/y methods. appendix of this report (Exhibit M) in which Mr. Mather 
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regretfully refers to the devotion of this University to the 
highest mathematical, physical and medical sciences, and 
to its decided and especial bias towards original research 
and scientific discoveries in pure science and other theo- 
• retical rather than practical branches, and also to his 
further remark that " One might expect from so richly 
endowed an institution a more direct relation to scientific 
industry than now appears to be the case. With an income 
of $226,000 a year, it would appear possible for a larger 
amount of work to be done among the people of the city 
without in any degree diminishing the high class of in- 
struction in the advanced stages of literary and scientific 
study." It is unquestionable that its splendid endowment 
has stimulated literary and scientific education ; but, in view 
of Mr. Hopkins's well-known practical turn of mind and of TheunivewuyiH 

i_ /»!• •iii«t -i-i #»-i-/v» not devoted to 

those terms of his will which are susceptible of dmerent con- those purpo«eft lor 

JT which It wa» 

structions, it is important to consider the character of'**"""^" 
work to which the University is now devoted, in order to 
gauge its powers and influence in affording educational 
facilities to the youth of the States of Maryland, Virginia, 
and North Carolina, whose preparation for the practical 
pursuits of life and instruction in branches not taught 
under our common-school system, for which, in specific 
terms, it was incorporated and which it is also the testi- 
mony of his intimate associates the institution was founded. 

The present income of the Johns Hopkins University is Amount «Dd di»- 

* JT ./ poattion of the 

(closely approximated) $22 5,000 per annum, derived from an bSSSesuTfor um- 
endowment of about $3,500,000 ; of which $2,207,900 is in ^"""^ '^"''^'^^• 
Baltimore and Ohio securities. Making liberal allowance for 
the cost of buildings, apparatus, etc., it is ascertained that an 
average of considerably more than $100,000 has, yearly, 
since 1876, been expended for instructing an average each 
year of only 188 students : that the annual cost of instruction 
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per student has been at least $700, and that each of the several 
teachers has had an average of not more than six students to 
instruct, for which services they have been paid salaries 
varying from $2000 to $5000 per annum. While these 
figures are approximate, it is certain that since the insti- 
tution was opened for students more than $1,000,000 have 
been expended for the instruction of less than one thousand 
individuals, for an average of less than two years each. 
Considering the magnitude of this fund and the almost 
unparalleled expenditure per individual student, one might 
certainly look for encouraging results in those lines for 
which the trust was primarily founded ; but, as a matter of 
fact, out of the 923 students who have matriculated during 
the ten years of its existence, /eirer than fifty have fol- 
lowed the occupation of merchants^ engineers^ electrictana, 
manufacturers y or engaged in other industrial pursuits; 
while all the rest were educated for professions not directly 
related to our industries. Even the few who have gone 
from the University to engage in practical industry have 
done so by chance or from previous inclination, as the 
training received there did not particularly fit them for an 
industrial calling. Certainly those in whose behalf Mr. Hoj)- 
kins's magnificent bequest was made have aright to expect 
greater results than these from the proper management of 
that fund. If the President and Trustees are asked what the 
University has done for the public, they will doubtless say 

I^uuof uieVSf. *^^^* ^^ ^^^ provided a large staff of able teachers, well 

equipped laboratories, and carefully selected libraries; that 
it affords broad and liberal courses of study ; that it encour- 
ages original research and investigation, and that important 
discoveries have been made in science; that several serial 
publications are sent out for general and special informa- 
tion; that gratuitous courses of lectures have been afforded 
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the public ; that- the University offers a number of free 
scholarships and fellowships to the meritorious; and, 
finally, that an average of nearly two hundred students 
annually receive instruction in its various departments. 
The public certainly have a right to ask what some of these Qaestioiisoon. 

* ^ o oemlng the Unl- 

important discoveries have been, and to know what prac- ^^f^'^^^l^^ 
tical bearing iJiey have had upon the welfare of the com- "•^ prop^u ta^ 
munity at large. The beneficial results of these discoveries 
have not yet been seen or felt in Baltimore. Most of the 
University's serial publications do not profit the general 
public of this city, because the matter contained in them con* 
sists largely of glittering generalities in science, mathematics 
and literature, that are of no interest or value to most people, 
while its public lectures are said to be of such a character 
as to be understood and appreciated only by those who are 
themselves specialists, and who might easily go to original 
sources for the information thus afforded. Likewise it 
may not be out of place to ask who are the students upon 
whom the resources of this institution have been expended 
so lavishly. Are they from Maryland and the Southern 
States ? Are they the sons of poor parents ? Are they 
young men who have to work their way up in the world ? 
Very few of them indeed have been drawn from the labors 
ing classes or from those who are likely to take any part 
in industrial pursuits. As far as I can ascertain, they are 
the sons of the wealthy ; they are young men who have 
already received a liberal education in preparatory schools 
and in colleges, and most of whose parents are amply able 
to send their sons to any of the already numerous high- 
class literary universities, such as Yale, Harvard, or 
Michigan. At any rate it is from this latter class that 
those who fill the Hopkins scholarships and fellowships 
are mostly drawn. 
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doeB not meet the r J r J 

SS5nai*n?^*of management savors too much of the classic and meta- 
^e ^emTa^^ ^' physical scholasticism of the Middle Ages. In their efforts 

to imitate or surpass the great European universities, 
its President and Trustees seem not only to have ignored 
the educational needs of Maryland and the South, but of 
, the entire nation. Our country is comparatively new. Very 

few of our citizens have leisure for the higher study of 
the classics, for speculative philosophy, or for the study 
of pure science for its own sake. The time haa come 
"when education ought to mean more than it once did. 
Proficiency in speaking Greek, in composing Latin verse, 
or in displaying dialectical skill, ought no longer to be the 
sole or leading purpose of a university training. As edu- 
cation ceases merely to lead a favored few into the realms 
of classic and philosophical thought, and begins to elevate 
whole classes of society by increasing general intelligence, 
and to dignify their labor by uniting the po^er of the 
mind with the skill of the hand, it will become a blessing 
as well as an ornament to society. The continuation of 
vigorous and healthful national life and development 
depends largely upon the aid which such education as 
this alone can afford. A himdred years later we 
may need to afford more extensive facilities than can 
now be had in our universities for the highest classical 
and philosophical culture of men and women, who 
may then be in a position to devote their whole lives 
to study and metaphysical discussions ; but now we need 
educational facilities of a different character. Most 
of our citizens have to labor in some way in order to 
gain a livelihood. We have vast resources of wealth that 
are awaiting development. Specialists highly trained in 
industrial science are needed to direct our manufacturing 
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and engineering enterprises. As a people we have a bias 
for the practical. Our citizens have a genius for invention. 
So great is their ability in this direction that, with 
scarcely any scientific or mechanical training, they have 
wellnigh led the world in the number and usefulness of 
their inventions. If now to this native bias we were to 
add the power that would result from intelligent training 
in applied science, and if we could give our artisans a 
chance to attain the highest skill and intelligence in the 
execution of their work, for what might we not recuson- ^ 

ably hope in the way of national development ? 

Why should not the Johns Hopkins University sustain AdYantagee of 
a department for higher technical training in industrial SlSJlS^f*** 
pursuits ? There are many reasons why such training can 
be better afforded in a great university than in a special 
technical school. The same library, apparatus, laborato- ^ 
ries and class instruction would answer for both, in many 
departments of study. The association of the students in 
the regular University classes with those pursuing techni- 
cal studies would be mutually beneficial to the students 
themselves and the country at large. This is shown to be 
true in the experience of such leading universities as Cor- 
nell and Columbia, where classical and technical students 
are daily brought together. Whatever serves to do away 
with antagonism, whether between labor and capital, or 
between industry and culture, ought to be availed of as a 
social and national blessing. In certain branches, as chem- 
istry, physics and biology, there are no. more capable The pnaident 
instructors anywhere than in the Johns Hopkins Univer- jS&uh^^ 
sity, and I have no doubt that they would cheerfully ^^o^^o^taiDinf. 
render to the city and to this Company the assistance they 
are so capable of affording, in any commendable effort for 
promoting industrial education. It is gratifying to be able 
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to note, in this connection, that President Oilman and his 
Faculty seem to be in accord with the general idea here 
advanced. Professors on his staff have expressed and 
taken great interest in the question of technical train- 
ing in Baltimore; some have delivered lectures to the 
working classes ; papers on economics and kindred sub- 
jects, calculated to bring the University into intimate 
relations with the people of Baltimore, have been pub- 
lished, while its President has directly expressed his 
willingness to use the institution as a source of technical 
training as soon as a practical scheme to that end could 
hmitS^S^ be devised. [Exhibit M.] Is it, therefore, too much to 
ffiSn^iiS^n**^* hope that, all things considered, the governing body of 
^OTir^jaoattonai ^j^ institution, recognizing that there is not now an ex- 
tensive demand, in our locality, for such high-grade liter- 
ary and philosophical study as is afforded in the Johns 
Hopkins University, will change their present policy (which 
appears to look to founding a university that shall favor- 
ably compare with the great literary universities of 
Europe), and will, aided by the city or through their own 
corporate individuality, forge the missing link in* Balti- 
more's educational system, by establishing, in connection 
with the present course of instruction, a department of 
higher technical training, and thus more directly benefit 
the hundreds of thousands of our citizens, who can never 
hope to derive any practical benefit from the University as 
at present conducted ? 
BaittmoraisA Besidcs the great demand in Baltimore for facilities for 
to:?^to!^xaoL ^° higher technical training, there are many circumstances 

that combine to make it a desirable location for a high- 
grade technical university. It is situated nearer than 
any other city to Washington, and the teachers and 
advanced students of such a school could have ready and 
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comparatively easy access to the Smithsonian Institution 
and the Patent OfSce. These places would contribute much 
towards the success of an industrial course in the Univer- 
sity, or of a separate polytechnic school. Washington is 
not sufficiently of a manufacturing city to sustain such 
a school. Baltimore is the only city that is close enough 
to the Capital to profit, educationally, to any great extent 
by the collection of models, scientific apparatus, and 
specimens that abound therein. In point of healthfulness, 
and moral and social influence, Baltimore is probably 
not surpassed by any other city of its size in the country. 

Situated here, midway the Atlantic seaboard, a high- AdTantacMoi 
inrade technical school would attract students from the ■chooi moiuad im 

o our dtj. 

North and the South, thus bringing about a better sec- 
tional feeling and widely disseminating knowledge of 
the resources of both the Northern and Southern States. 
The effect upon our own city would be beneficial in many 
directions. We would have finer architecture (in which 
we are sadly deficient at the moment), better sanitary 
measures, and a greater manifestation of public spirit in 
all deserving enterprises on the part of our citizens. A 
polytechnic school, or technical department in the Univer- 
sity, would supply a gap in our educational facilities 
between the education afforded by the common schools 
and the high scientific and literary education offered by 
the Johns Hopkins University. It would exert a very 
healthful influence upon the public schools of the city, 
by modifying their course of study, by furnishing trained 
specialists to tea^h technical subjects, by stimulating 
young people to avail of their advantages so as to pass 
into the technical school, and by demonstrating that edu- 
cation is an important factor in fitting young people for 
skilled labor and industrial pursuits generally, as well as 
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in fitting them for clerkships or soft-handed professions; 
and thus those callings involving industrial dexterity and 
knowledge would, in point of dignity and of qualified and 
intelligent operatives, soon secure an equal footing with 
wh^rt are popularly known as the " learned professions." 
A good high-grade technical school in our midst would 
do much towards supplying competent teachers and sug- 
gesting a practical course of study for our evening schools, 
and for secondary technical schools that would spring up, 
and the more ambitious of the pupils from such schools 
would have something to stimulate them to greater exer- 
tion ; for, besides competent teachers and suitable instruction, 
there would be the additional incentive of making sufficient 
advancement to secure admission to the higher technical 
school. It is well known that many young people in Europe 
fit themselves for the higher technical institutions by attend- 
ing evening schools. Finally, with facilities for both higher 
and SiBCondary technical training to supplement the general 
education now afforded in our public schools, we might 
reasonably hope that the frequent labor troubles resulting 
from the apparent antagonism between capital and labor^ 
or rather the real antagonism between capital and unedu- 
cated labor, would cease; for educated labor would soon 
supplant uneducated labor in all our leading industries. 
Intelligent mechanics will do more for themselves and 
their brethren than any number of " labor agitators/' 
»<ukS^?f hSS-^b* ^ cannot better close this section of my report than by 
Teackie waiiu. quoting thc foUowiug firom the address of Hon. S. Teackle 

Wallis, before the Maryland Institute, June, 1882, to 
which Mr. Cowen called your special attention : 

" Can we let onr people ^ untaught of the arts of construction and design, 
when all the aster communities with which we rank ourselves are straining eveiy 
nenre to teach*^ them ? Are the mechanic arts so small an element in our pros- 
perity that we can safely let them run or rust in the worn-out grooves of tnirty 
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yean ago? When the demand all around as is for skilled workmen, are we to 
settle down without skill? Are the people who are bom to the necessity of 
labor to be famished with no means of ligntening and refining it ? Do the best 
we may, we can never dispense with the proletary and the dmdge; but in 
heayen^s name let us help him, if we can, to something better— let us make the 
hewers of wood and drawers of water as few as may be. This is not <mly the 
duty of a republic and Christian community, but its best interest as well. Think 
of the weariness that will b6 lightened by art labor of those who are weak and 
yet must toil. Think of the penniless and helpless women who will have 
pleasant and congenial work away from mde contact with piteous temptation. 
Think of the young men of poor estate whose tastes will be developea, whose 
natures will be refined, and to whom ayenues of independence and perhaps 
distinotioQ will be opened. Can any man look another in the fnce and say that 
these things are not to be coveted ? And yet how shidl we attain them ? The 
children of toil cannot educate themselyes. Of the many even to whom work 
brings comfort it brings but little more. As maturity comes on the son takes 
up Uie father's tools, and his education for th^ most part ends. What the 
workshop teaches him, more or less rudely, he learns, and little else. Unless 
some one helps him to iroproyement and development, it is only ezoeptional that 
he ever reaches them. Individual help may serve in individual cases, it is trae, 
but a large and public need can only be supplied by public effort and the public 
hand. * * * In this city of ours, and this year of grace, there is not one 
single public academy of art of any sort except that within whose almost naked 
waUs we are. ^ke elementary instraction In drawing which is given in our pub* 
lie sohods is necessarily limited, and a large portion of the pupils are compelled 
to leave at an early age, as the report of the Commissioners explains, in order to 
learn trades for their future support. • * * 

" It has long been m^ own conviction that one of the most direful needs of 
education in this State is the establishment of a technical school for scientific 
mechanical instruction. There is absolutely nothing of the sort upon the soil 
of Maryland— a blot indeed upon the intellectual and the business record of a 
community whose productive and mechanical capacity is so large and varied as 
our own. The class for whom such instruction is needed are the very ones who 
cannot afford to seek it at a distance ; and except out of ICaryland, no Maryland 
man can find it. Every one who is at all familiar with the subject knows that 
in the large enterprises where mechanical agencies are needed, the demand is 
now for mechanics, not only skilled, but thoroughly and scientifically educated. 
The so-called ' practical man,' whose knowledge is simply empirical, and whose 
facts Ue isolated in a vacuum, is fast being pushed to tne wall. He is a victim 
of the survival of the fittest. Our mechanics are at a sad disadvantage, from 
the absence of opportunity to qualify themselves for this new order of things. 
An honorable and lucrative profession, which may well be classed among those b^ 
deserving the appellation of ' learned,' is thus practicaUy dosed to a laige num- 
ber of the most vigorous intellects of our State." 

ADVAHTAGES TO BAILWAT INTEBESTB OF 8CI£irTIFIG 

TBAIHUirO OF WOBEMEN. 

All that has been set forth in the preceding sections of weoto of tMhni- 

r o oal training upon 

this report may be considered as paving the way for an »i^^»y intereata. 
intelligent consideration of the bearing of scientific and 
technical training upon railway interests per se. The 
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wide scope and the importance of the subject bewilder 
the investigator who seeks to know why technical instruc- 
tion has not more rapidly advanced and prospered m this 
country, where the field of industrial enterprise is so wide, 
and what its e£fects are upon interests with which rail- 
roads are directly identified. An early recognition of the 
difficulty of securing a proper appreciation of the necessity 
for more thorough and widespread scientific knowledge 
among railroad people, led me to afford you a comparison 
of how it has affected manufacturing and kindred interests 
in those localities where it has been sufficiently and syste- 
matically cultivated, with other places approximately 
similarly situated with respect to trade facilities and com- 
petition, but which have despised or disregarded its aid. 
This preliminary presentation materially narrows the dis- 
cussion of technical education from our particular stand- 
point, and yet I approach this division of the subject with 
great diffidence, and with full recognition of the pitfalls sur- 
rounding one who, lacking experience in many practical 
details of railway operation and of those industries that have 
to do with the production of railway plant and appliances, 
attempts or suggests reformations or modifications of time- 
honored methods and practices. 

Considering its importance and magnitude, there has 
been a singular dearth of discussion and testimony upon 
the subject of technical training for railway officers and 
employes. While there seems to be a general agreement 
that, because of the enormous capital and allied interests 
involved, and of the technical knowledge and skill neces- 
sary to successfully conduct its varied and far-reaching 
operations, railroading has acquired the dignity of a pro- 
^^Bajtoo^ing as a feggjon, fully as exacting and requiring equal professional 

skill and intellectual attainments as the liberal professions. 
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I fail to find that any of our railway managers have a xi^ethoimh^ 
proper appreciation of the situation^ or that there has been SSiS3f^r»iiw»y 
any well-digested efibrt in the direction of educating SSm* "^ ^"' 
railway officials or employes upon systematic lines, such 
as, for example, produce at West Point and Annapolis - 
corps of young men whose basic education and training, 
with a little experience, fit them for any position of 
responsibility and trust in our military and naval service. 
Unquestionably there must be in many of our large railway 
organizations those who have long recognized the need of, 
and would warmly welcome, this educational factor in rail- 
way management, and doubtless many of them are, from 
previous education and long experience, peculiarly qualified 
for making a forcible presentation of the advantages of — 
and in view of the great changes that scientific discoveries 
are making in methods of production and transportation, 
and the new industries that are continually springing up, 
I may say the absolute necessity for — a combioiation of 
scientific and technical education for the operatives of the 
transportation service of the country. But, unfortunately, 
men of this type are, as a rule with few exceptions, over- 
tasked with responsibilities and harassed with anxieties 
that leave few opportunities and little inclination for ex- 
pressing their views on any subject foreign to their specific 
duties. 

Having accepted the task of investigating this subject, I 
shall endeavor to crystallize for you the testimony of such 
well-known authorities as, though not actually railroad men, mSS?^to e^Su 
have themselves been connected with the details of indus- Btruouoi/^pon 

. railroad Infiereeti. 

tnes more or less related to railway mterests, and who are, 
therefore, competent witnesses; and I shall further endeavor 
to set forth as clearly and succinctly as possible, such conclu- 
sions and considerations as have been evolved from a careful 
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and somewhat proloAged inquiry and study of this subject 

from various standpoints. I do this in the hope that my 

labors will be fruitful of results in the direction of at 

least stimulating those in our service who have its welfare 

at heart (and especially those officers who are charged 

with making net results) to inaugurate a new policy, 

which shall require of all candidates for all positions, 

however insignificant, that are in the line of promo* 

2sSS"ti<>°^ ^ reasonably high standard of quaUfications, and 

S2S>?uSinhigii Bhall then look to fostering and developing the youth of 

fl^tt1>^ ^' ^^^^' the service into a corps of educated operatives, mentally and 

mechanically skilled in their various handicrafts, with at 
least sufficient breadth of knowledge and capacity to ren- 
der unnecessary and unjustifiable the selection of men 
outside the service to fill the highest positions of responsi- 
bility and trust, even in the administrative and execu- 
tive staffs of the company. Such a policy would not be 
chimerical, but one easy of accomplishment with (consid- 
ering the interests involved) an insignificant expenditure, 
if accorded the hearty good-will and co-operation of those 
upon whom devolves the duty of developing our resources 
and increasing the net earning capacity of our system. 

If the testimony previously set forth affirmatively shows 
that scientific and technical education stimulates, devel- 
ops and secures economical processes in the manufactures 
and other industrial avocations, a much stronger case can 
be made out in favor of broad technical education in con- 
nection with our railways ; which, collectively, employ in 
the production and repair of plant, more workmen than 
are engaged in any other class of commercial business. 
In the same ratio that our extensive railway system 
soientiflo know, surpassos all othcr branches of industry in the magnitude 

ledge Beoar«6 eoo- * i v 

rSSV(?plStoe""t8. ^^ ^^ business, the number of its departments and the 
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interests affected^ is there greater need for economy of 
administration and greater necessity for the application 
of the highest obtainable scientific knowledge and manual 
skill to its various operations. It has become the almost 
universal practice of our great railway corporations, and 
especially those whose lines are reaching out into imde- 
veloped and sparsely settled territory, to assume the 
entire repairs of their plant, even when they amount 
to practical reconstruction, and there is also a steady 
tendency on the part of such companies in the direction of tto«» haT* b^wme 
manufacturing their own equipment from raw materials. 
This places them in the category of manufacturers, and 
makes them amenable to the laws and factors regulating 
production, and, further, makes applicable to them much 
of the testimony heretofore given as to the value of tech- 
nological instruction in mechanical pursuits. Because of 
the nature of their service, involving the transportation 
and care of many lives and valuable property, no less than as 
a matter of economy, is it of prime importance to such cor- 
porations that, in the construction and in the repair of their 
rolling stock and appliances, they should employ work- 
mea of exceptional competency. It is imnecessary, in 
this connection, to comment upon their great responsi- 
bilities as guardians of life and property, but from a 
merely sordid point of view a few illustrations will dem- 
onstrate that, in their extensive mechanical operations, 
economy and credit result from the emplo3anent of in- 
telligent laborers, who understand the theory and pur- 
poses of their work, and who have the scientific knowl- 
edge that gives them, beforehand, a realization of the proper 
quality and quantity of material to be used, and enables 
them to anticipate the results of the labor they must 
expend upon that material to produce given results ; 'per 
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corUra, that correspooding danger and loss result from the 
employment of workmen who, lacking this knowledge, 
are compelled to experiment upon their material, and 
who require constant supervision, instruction and re- 
instruction. 
Methods of trans- The fact is that with the discoveries or, more properly 

portatlon revolu- .^ jr mt wf 

tavenSon'iriSd to* spcaking, invcutions of Watt and the introduction of steam 
ttjoduotton of ^ ^ motive power, began a new and eventful era in the 

history of mechanical science. The wonderful development 
of land and water transportation that followed the inaugu- 
ration of steam locomotion created a demand for a class of 
operatives, artisans and mechanics before unknown. En- 
tering upon a new field of operations wholly imrelated to 
their previous experience, without preparation or present in- 
struction, save what they absorbed in the performance of 
exacting duties on the railway, in tha workshop and in the 
engine and boiler-rooms, men who had been "picked up" 
from many walks of life, and who altogether lacked scien- 
- wSSSd*"^men. *^^ training, would naturally be guided solely by " rule-of- 

thumb " practice, and their lives were sure to be narrowed, 
imtil they acquired a pride in being known as ^^jpractiodl " 
men — a term nearly synonymous with the habitual but 
unreasoning work of many familiar species of the brute 
creation. The railroad workman of to-day is largely the 
outgrowth of this condition of afiairs, and yet is not wholly 
responsible for his educational deficiencies. When learn- 

DotectlTo moth- . .1 • . i •11 x- ^-11-1 

o<is of training ap- mg their tradcs railroad apprentices were generally placed 

under " railroad men " of the ^^ practical " type I have 
described; who despised or affected to despise scientific 
knowledge and scientific methods of operation; generaUynot 
because they understood or were able to weigh their bear- 
ings and value upon their pursuits, but because, knowing 
absolutely nothing about them, they thought thus to disguise 
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their ignorance. Under such circumstances apprentices 
received little if any special instruction, but were mostly 
left to pick up their trades as best they could. Of course, 
under such a system, instead of having their special apti- 
tudes developed they, in turn, became ^^prdcticcU" men; 
and of this type is the present rank and file of railroad 
operatives. It is therefore not remarkable that .blunders 
and accidents frequently occur : that the lives and property 
of the public should be entrusted to men whose limited 
knowledge frequently does not enable them to judge of or 
to reflect upon the responsibilities attached to their several 
duties, painfully illustrates the recklessness and indiffer- 
ence to public duty that characterize orir age and country * 
Perhaps no large class of men are more subjected to 
public observation and criticism than the employes of 
transportation companies, and there is certainly no other 

* That this is neither an unjost nor groundless statement can be easily proven 
from the abundant evidenoe before me, and also from personal experience. In 
too many shops apprentices are looked upon as convenient lackeys, and although 
they may have strong predilections for certain kinds of work they are more 
likely to receive rebutf than encouragement in attempting to utilize their 
abilities. It is very probable that much industrial usefulness both to employers 
and society has been blighted in the bud from lack of recognition and wise 
direction. 

A very interesting article, opportunelv appearing in the November number of 
the Century Magcteine (Vol. 88, No. 1) as this report is passing throuffh the 
press, very fully discusses "Thb Nbed of Tradb Schools,^' and especiaUy this 
particular point of apprentice education, and in that connection I commend it 
to your notice. 

lir. Robert Thomas Badon, an English manufacturer, says: "I am fully 
impressed with the importance of technical education. Some time ago I was in 
Bradford, and I saw that preparations had been made worth v of the town. There is 
no trade, however wanting it may be in taste or form, that aoes not benefit in the 
hands of a tasty man. One great reason why technical schools should be 
encouraged is because of the very great division of labor that takes place in some 
of the largest engineering establishments. There is a great tendency to put a 
boy at one machine, and he understands but little beyond that machine. The 
result is, though he has been in an engineering shop, he has no idea of the work 
carried on as a whole, when he comes out. He is a helpless man if you take him 
away from that one machine. It may not be always to the interest of excellent 
workmen to inculcate their skill in the minds of the boys uud^r them ; in fact, 
they mav not have time to do it ; but the advantages of a college or school of 
this kind will be that if a youth has a desire to improve himself, the facilities 
wiU be offered, and at such a rate as would be attainable." 
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^wS^^ent ^^^^ *^** ^^^ more materially promote their employers' 
S^^JSySSd interests by the exhibition of such courtesy, manly spirit 
their employes, of accommodation, and general mformation upon current 

topics as a fairly liberal education manifests, and yet 
you cannot have failed to notice — and as a railroad 
manager to regret — what is so commonly commented upon 
by the observing : the intellectual deficiencies and narrow- 
mindedness of this very class. That our railway opera- 
tives are one-ideaed is small matter for wonder ; it would 
be more remarkable if, as a class, they were otherwise. 
I have already pointed out that the operating depart- 
ments of a railroad which most expose their employes to 
public observation are those which require the longest 
and most exacting apprenticeship for the acquisition of 
that degree of knowledge and expertness which secures 
the performance of their functions as public carriers with 
safety and diq)atch ; that the heads of administrative and 
operative railway departments, who must of necessity be 
men of technical knowledge and familiarity with all the 
intricate workings of their respective branches, which can 
only be acquired by progressive service, generally com- 
mence their careers in the lowest grades, with little or no 
preparatory education ; and yet their duties throw them 
into constant contact with a public which is indifferent to 
the measure of their experience, but which judges them 
by the standard of business men, and demands of them 
gentlemanly courtesy and general and varied knowledge, 
and which, I may add, favors or obstructs the operations of 
a railway company according as its officials are judged 
worthy of commendation or condemnation. The managers 
and owners of railway property are the ultimate sufferers 
fi^m the deficiencies and derelictions of subordinates in 
this regard, and yet they are mainly responsible ; for if. 
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instead of exacting a high staiiidard of qualifications on the 
part of applicants, they open their service to uneducated 
hoors and then fail to provide them with facilities for 
acquiring, with manipulative and technical skill, at least 
the rudiments of those branches of knowledge and the 
opportunity for extended observation without which no 
man can be intelligent, liberal, progressive, how can it be 
expected that those employes, when taxed with the cares 
and anxieties of an active business, shall display such 
enlightenment and refinement as will reflect credit upon 
themselves and service ? 

Many of our railroads employ armies of people, all of 
whom are supposed to be technically expert in their various a^JJc^^i*'*^ 
avocations ; — and they need to be. Even a good track laborer ?5Jwi5!*'pe*«i*^5. 
is not found ready made. It is a well-known fact that in many 
railroads only one or two men in a road gang know how to 
properly tamp a tie so that it will not require resetting the 
same season ; and I know of extensive lines that do not 
possess a foreman — ^perhaps not a supervisor — who can 
adjust a curve with instruments. Does it not behoove 
executive and administrative officers who are entrusted 
with such vast interests as those of railroads to look well 
to the qualifications of their operatives? A recent and 
generally accurate writer has fixed the value of railroad 
property in this country at one thousand millions of 
dollars. Another writer says that the number of skilled 
laborers required 'in the operation of railroads is much 
greater than Ib commonly supposed, embracing large num- 
bers of men not usually classed as railroad operatives. 
In such extended enterprises the efficiency of the unit — 
the individual workman — becomes an item of grave econo- 
mic consideration ; for if it be true that the value of the 
individual's work (whatever it be) is increased through 
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greater intelligence and special training, though it be only 
by a few cents per day, the total is of no inconsiderable 
moment, when his services continue through a series of 
years and when, instead of one workman, thousands are 
employed. If even a slight deficiency in the skill and 
intelligence of one workman makes a few cents' or a few 
dollars* difference in the cost of the products of each week's 
labor ; if the incompetency of one foreman or one manager 
lacking scientific training does usually — as so positively 
stated by competent authorities — ^net an appreciable loss ; 
multiply the result to corporations like, for instance, our 
Eastern trunk lines (one of which employs at least 50,000 
people on that part of its system east of the Ohio River, 
and more than half as many more west of it : others may 
exceed or nearly equal this enormous force) ; realize that 
in such extensive organizations few if any of the practical 
details of the operating departments can be accurately 
gauged by those whose interests are most vitally concerned ; 
comprehend how many important matters, involving grave 
consequences in their execution, must be entrusted to sup- 
erintendents, master mechanics and foremen ; then obtain 
a correct measure of their education and general knowl- 
edge (to say nothing of their scientific attainments), and 
you will begin to appreciate the importance and bearing 
of this question of technological education, and the enor- 
mous losses the lack of it yearly entails upon investors in 
railway securities. * 

* It is a great misfortune to our railroad properties that their owners are not 
brought into oontact with the staff and rank and file of their operative de^rt- 
ments, so as to appreciate their value and deficiencies or their needs and aspirations. 
Says Mr. Kifkham, in his work on the Maintenance of Railways, p. 85 : 

"No one who is dependent upon the goodwill and fidelity of others for the 
maintenance of his interests can afford to shun their acquaintance or permit 
them to remain in ignorance of his good intentions towards them. On the 
contrary, his duty and interest alike demand that he should cultivate such 
relations with them as may be necessary to assure them of his constant and 
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That most of those who have risen to positions of re- om^*ei7men\?°** 
sponsibility and trust in railway service in this country ^"SSfVauJoad 
are honest and faithful^ goes without saying; but integrity ° ^' 
and industry are not sufficient : they should also^ as aforesaid, 
be men of intelligence, and should possess not only a special 
knowledge of their own departments, but also an accurate 
understanding of related departments of the service. By 
intelligent direction of those under him a foreman may 
largely increase the efficiency of a score of workmen ; and, 
on the other hand, by failure to comprehend the scientific The value of the 
pnnciples involved m the work he supermtends, he may ™«a *»^ 2?®' 

r r r 7 m/ railway offloert 

cause constant loss or make destructive accidents possible. SS? ^auiiSr" 
And what is true of a foreman applies with greater force 
to his superior officers. Where is the intelligent railroad 
official who has failed to realize the many problems yet 
to be solved in the matter of railway operations and appli- 
ances, and who is not also conscious that, for the most 

friendly regard and the beneficence of his purpose. When it is necessary that 
men should entrust the immediate and general management of their property to . 
others they must do so unqualifiedly ana heartily, but such delegation of power 
should never extend so far as to relinquish the right and duty of enquiry into 
the status of subordinate employes. The proprietor will ever consult his wel- 
fare by such manifestation of interest in his servants, and any general or pro- 
longed neglect on his part to fulfill this cardinal duty of ownership will redound 
to his great and permanent Injury. By many owners such manifestation of 
interest is thought to be subversive of discipline, and it is possible that they have 
been encouraged in this monstrous delusion. It is a sufficient answer to sa^ that 
where the owner of a railroad cannot come in contact with his employes without 
Jeopardizing the discipline of the organization, it ought not to require an outbreak 
among his servants, or the destruction of his property, to convince him that there 
was a radical defect somewhere in its method of administration. The discipline 
of an organization that is dependent ui>on terrorism, upon ostracising or seques- 
trating the employe, upon separating him from the acquaintance or sympathy of 
the owner, is manifestly a gross perversion of responsible methods of government, 
and wherever practised evinces mismanagement, and maybe accepted as evidence 
of discontent and insubordination and outrageous disregard of the rights of 
owners by those who encourage or practice it. If the tendency of corporate 
history in the United States teaches one fact more clearly than another it is that 
the owners of such property will find it to their advantage to nunifest immediate 
and personal concern in its affairs and in the affairs of those who operate it, lest 
their personality be lost and their property alienated or its value seriously im- 
paired. The possession of property presupposes the duty of guardianship, includ- 
ing a paternal interest in those who operate it, and its preservation to the owner 
will ultimately depend upon the general and wise exercise of this duty.*' 
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part, railroad officers and operatives are much more likely 
to fail in appreciation of, and even to oppose, improvements 
and contrivances of merit in this field worked out by others, 
than to originate them ? 

The exigencies of railway service require men of special 
training, of peculiar qualifications, of minute practical 
knowledge. There are no important exceptions to this 
rule in any of the departments or branches of the business. 
To perform their duties wisely and efficiently supervisory 
lence muat be aap- officials must be relatively as well skilled as the £;eneral 

plemented by gen- *' ^ 

erai knowledge, manager. They must possess a general knowledge of the 

branches of the service to which they are assigned, as 
well as a particular acquaintance with the peculiarities 
that are special to the immediate positions they hold. 
This general and particular knowledge involves an inti- 
mate acquaintance with the property, its defects, its 
resources and its peculiarities, and presupposes prolonged 
association and years of observation and thought, without 
which such knowledge is not attainable. 
Teetimonyof lu a rcccut work ou "Railway Expenditures; Their 

theunrec^fld Extcut, Obiect and Economy" fp- 1111> Mr. Marshall J. 

loes incident to the 7 J •/ Lr J7 

SSJ'S??»exp«ri. Kirkham says : 

enced offloers. 

*' Those not iamiliar with the practical operations of railroads can hardlj esti- 
mate the innumerable mishaps and unreconled losses that oocnr to a property in 
consequence of the introduction into its life of new and inexperienced officers,* 
of officers unacquainted with the duties they are to perform, unacquainted with 
the manner in which these duties have been performed in the past, or the scope 
and circumstances that are expected to characterize them in the future. The 
result is always disastrous, no matter how great the ability or how upright the 
intention of the new official. Under the most favorable circumstances he is 
placed in the position of a man called upon to act without possessing the definite 
and trustworthy knowledge necessary to enable him to act intelligently. He 
has everything to learn, from the arrangement of his files and office furniture to 
the unrecorded policy that has governed his predecessor. He has to learn the 
local and foreign geography of the line, its peculiarities, traditions and prospects : 
what it possesses and what it does not possess ; its contracts, lup-eements and 
leases ; the officers and employes who operate it, and the people who give it 

*And they never will be able to appreciate these mishaps and unrecorded 
losses, for the reason that it is the interest of the class who precipitate them to 
conceal the. real facts from the owners of the property. 
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support. All these things must be learned by rote before a new officer is either 
▼aluable or trustworthy. In the acquisition of his knowledge he is harassed by 
doubtSy and his path is otherwise beset by obstacles." 

I have already referred to the increasing tendency of 
railroad corporations to repair and even to manufacture their 
own plant. This seems to have been the traditional — as it is 
certainly the present — policy of the Baltimore & Ohio Com- pcSfcy oV produc- 
pany. It is patent that if everything, or mostoftheimportant^^Mfrom crua© 

things, needed in the operations of the service could be 
manufactured from the raw materials, in our own shops, 
by our own employes, of as good quality and character of 
construction as can be had elsewhere, and always with 
economy, the interests of our stockholders would dictate 
that policy. But, in order to produce in the shops of 
corporations of such extended and diversified interests as 
railroads, work of a high order, with economy, very ^^i^d^of reform 
material progress must be made over the situation as I now mauilem'^ut?'* 
regard it. We have seen that no productive enterprise can 
in our day be made an economic and commercial success 
without intelligence and skill, and that, other things being 
equal, it will be profitable just in proportion to the degree 
in which those elements are utilized. Surely, enough 
has already been said to establish these two elements as 
of the highest importance in the production and in the 
operation of railway plant and appliances. I presume no 
more difficulty is experienced in procuring for railway 
service men who have manual skill, and who are frequently 
superior artisans in their several occupations, than it is to 
obtain them for other pursuits; and I know that many 
railway shops contain many such men, whose worth as 
mechanics cannot be denied, and who have doubtless made 
the best of their opportunities. But the great want in rail- The demanci is 
way service is men who combine technical skill with dis- f*"? general aud 

•/ technical kuowl- 

ciplined minds and broad intelligence; men who, with®***^®* 
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J)rofe8sional experience and knowledge, possess minds 
disciplined to accurate observation and logical thought — 
qualities that come from sustained mental application, 
and are not likely to exist without it ; men whose qualifi- 
cations make them worthy of promotion, and guarantee 
efficient and economical management. I cannot too often 
emphasize the statement that, to the extent such qualities 
are lacking in heads of departments, and mtdligent ser^dce 
is lacking in the rank and file, railway operations will be 
conducted crudely, inefficiently and with high percentages 
of operating expenses to gross revenue. While this is so 
patent as to be undeniable, it is certainly a fact that we 
scflrcity of edu- havc not generally been successful in securing enough of 
B. R. service. educatcd skill and intelligence to even leaven the mass of 

^'practicaV^ men who constitute the operating forces — to say 
nothing of other departments — of our railways. Whether 
this be because the managers of railway interests are appre- 
hensive of the disapproval of their stockholders if they 
pay more than the lowest market price for labor, or 
personally entertain too indifferent notions respecting edu- 
cated talent to. induce them to compete for it with private 
firms and local corporations that do value it at its com- 
mercial worth, is not for me to say ; but I do assert that it 
is folly for such long-lived corporations as railroads to 
hazard their future prosperity for temporary profits, as 
they do when allowing and encouraging their administra- 
tive officers to seek and to prefer uneducated — because 
{nominally cheap — labor. If we expect to operate such 
properties on business principles, and not for mere specula- 
tive results, our railway managers must provide for the 
better education of the rank and file of their employes.* 

* The purohase of low-grade materials because the j are cheap and can be made 
to serve present purposes is even a lesser evil than depending on low-grade labor. 
Parenthetically, a writer already quoted says : 
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Historically considered, the first servant of a railroad in t7p«s oi raiiwar 
whom technical knowledge is an essential qualification is 
the locating, followed by the constructing, engineer. Our 
colleges and technological schools are yearly turning out, in 
increasing numbers, young mining, civil and mechanical 
engineers — the latter in less numbers than the wants of the 
country require. Electrical engineers and industrial chem- 
ists are also making their appearance, and as electricity, 
mechanically applied, is coming to the front as an important 
accessory of railway service, and will soon form an essential 
part of our transportation operations, this class of specialists 
ready made to our hands will, when competent, easily find 
lucrative employment, and it will be many years before they 
overstock the telegraph and railroad markets alone. The 
industrial chemist is also destined to play no insignificant 
part in the railway management of the future. But none 
(or at least very few) of the members of any of these, or, in 
fact, of any other classes, enter upon professional life 
understanding, or qualified to meet, the necessities of rail- „ 

^' * ' Schools not con- 

way service. It might, indeed, with some reason be JJS^/J*^^J',°J*'; 

assumed that a competent citrU engineer , at least, would ^Sm^I liluV 

U Ti2 J X J A 1 •? • • V J. •! ae«<lod m railway 

be qualified to undertake rauway engmeermg, but a rail- lervioe. 

'' Only an experienced and faneeing manager* I have remarked, can with- 
stand the Mducti^e influence that envelops an article of prime necessity to his 
oompanv when offered at a low rate. The fact that its ultimate cost will be 
out of all proportion to the temporary saving is lost sight of or ignored by some. 
The immediate and visible reduction in the cost of operating, and the notorietv 
that will attach to him for effecting such reduction, are too strong for a weak 
man to withstand. This would not be the case to the extent it is S so great a 
proportion of the loss which a company must ultimatelv sufff^r in consequence of 
the purchase of inferior material was not unavoidably blotted out or covered up 
under foreign headings, and remained, in consequence, unknown. ... In con- 
sidering the cost of car and locomotive wheels, axles, frames, springs, bolts, nuts, 
and kindred appliances, we find the relative cost between the good and the bad 
article is not alone manifest in the price paid for the article itself. It will be 
discorered that the use of the inferior article materially swells the disbursement 
accounts for deaths and injuries from accidents, for losses and damages, and all 
the multitudinous expenditures enumerated above in connection with the use of 
inferior lubricants, including the cost of repairing tracks torn up b^ derailed 
trains, the interruption of business and its manifold losses, the swelling of the 
account for wages, and finally the cost of repairing the injured equipment." 
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way engineer is not, to the present time, the creation of 
any educational institution in this country. Upon this 
single point, a paper just read before the Society of Arts 
of the Massachusetts Institute of Technology (one of the 
best conducted in the country) is exceedingly interesting, 
and I therefore append it hereto as Exhibit T ; recom- 
mending it to your careful perusal. Much of what is 
therein said maybe taken to apply with equal force to 
other branches of railway service, and it will well repay 
the reading. 

In railway service, especially, there is frequent necessity 

for sending to a distance, and beyond supervision, one or 

competent men morc thorouffhlv Competent men, who shall not be simply 

of varted attain- o ^ x- ? r ^ 

iraTiSaTSi;?"^ mechanics, in the ordinary acceptation of the term, but 
''*^®' who shall be able to turn their attention to work coming 

under their notice, whether they have before done 
that thing or not. I think we are all prepared to admit 
that at present such men are rarely found enrolled in the 
rank and file of railway mechanical departments ; yet it is 
testified by many manufacturers who have afforded their 
employes the advantages of technological instruction, that 
they have no difficulty in filling such positions with boys 
of 20 or 21 years of age, whom they send long distances 
and place in their hands work with which they have had 
little or no previous acquaintance, and by their intelligence 
they not only give the greatest satisfaction, but frequently 
develop into competent teachers of others. 

Quite enough has been said in this report to show the 
necessity of technical knowledge on the part of machinists 
and other artisans employed in constructing and repairing 
railway equipment. As a class, the men thus employed 
are doubtless of average skill in their several trades, but 
it is apparent that in such a hard service as railroading, 
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where machinery, rolling-stock and roadbed are, as a rule, 
taxed to their maximum strength and capacity, even a 
slight lack of appreciation, on the part of mechanics and 
those supervising them, of the special and technical require- 
ments of their work will result in the failure of their 
productions at critical moments, always to the pecuniary 
loss of the owner and sometimes causing serious disasters. 
Mechanical trades are at present acquired in this country 
through very general instruction or in shops devoted to 

•1 1 X- TTTL. 1 • i. i. • Need Of flexlbU. 

special construction. When work is stagnant m one uy ia woriunen. 
branch of a trade it is generally active in other directions, 
and the mechanic must, from necessity, often drift from 
that kind of work in which he is educated to others to 
which he can apply only manual skill, with a smattering 
of general knowledge, perhaps altogether inadequate to 
the proper performance of his new duty. Even our fore- 
men, master mechanics and supervisors, who are, almost 
without exception, men of practical knowledge and long 
experience in their particular lines of work, have very 
seldom received such general or technical instruction as 
would enable them to appreciate the effect, upon their own 
productions, of changes in methods of operation such as are 
constantly occurring in all transportation service and to 
meet them. 

Every one understands why locomotive engineers should 
be well educated, and yet we know quite well that very ^^^^^^ 
few have enough education to enable them to respond to 
emergencies requiring higher qualities than mere mechan- 
ical skill, courage and local knowledge."^ In our road 

* Says Mr. Wm. l^airbaim, of Manchester, F. R. S., and an authority on the 
subject: 

'* The locomotive-engine drivers and stokers have only been known to ns for the 
last twenty years, but they constitute at the present moment an important branch 
of the Industrial community, and so far as their acquisition of knowledge and 
respectability of character are concerned, we are all, individuals as well as the 



Education ol en- 



104 

depd-rtments very few foremen or supervisors understand — 
or if they understand can intelligently describe — ^the causes 
which deteriorate their track or bridge structures^ or other- 
wise affect their every-day work.* 

I might in similar manner go over the whole list of 
railroad operatives, but it is unnecessary. The reason for 
all their educational deficiencies is apparent when we con- 
sider how few opportunities they have for acquiring theory 
and practice in the same place or at the same time during 

gublict deeply interested. Engine driyers and stokers, above all others, should 
ave a regular and rigid ooarse of training. They should have a keen eye and a 
clear perception ; they should be taught care and attention to signals, and every 
minutia connected with the rules and government of the lines on which they are 
enii>loyed, and, above all, they should be instructed in the management of the 
engine, the value of time, and the absolute necessity of working the distance 
according to the time table and those established rules by which they and the 
public are to be governed in their "departure from and arrival at the different sta- 
tions. A driver should also be acquainted with the principles upon which the 
steam in the boiler is generated, its elastic force, the security and free working 
of the safety valves, and, in fact, in order to prepare him for public service^ he 
should attam his degree and character in the Workingman's College before he 
is considered eligible to mount the foot-plate or to handle an engine. Lastly, 
other classes, such as blacksmiths, carpenters, masons, bricklayers, turners, 
tilers, moulders, etc., exclusive of innumerable others, such as spinners, weavers, 
dyers, printers, etc., employed in the manufacture, might each of them reason- 
ably demand to be included in a national system of industrial education." 

* In this connection the following is suggestive : 

*' The acquisition of knowledge, as every one has occasion to remark, is not of so 
much value for the specific thing that we learn as for its contingent revelations, 
the correlative ideas that it suggests ; and so it may be possible that even an 
imperfect conception of the fixed expenses of a railroad may afford suggestion 
to those who are not disposed to regard the information itself of especial value. 
Thus, while we may not care what relation the fixed expenses bear to contingent 
outlay eta a wholes if we knew accurately the effect of wear and tear of traffic 
upon particular classes of expenses, and the percentage of deterioration from 
natural causes, there can be no doubt that the knowledge would prove of value 
to particular men, if not to railway men as a whole. The truth of this bears apt 
illustration in the case of track-rails. 

" Practical men with whom I have communicated as to the relative deterioration 
of rails from climate and traffic, have stated that a rail will remain fit for use 
forever if trains do not run over it ; others put the deterioration from natural 
causes at two per cent. ; others at five per cent., and so on. As a matter of fact, 
the deterioration of rails due to climate, while not great, is marked and cumu- 
lative. The deterioration from climate in the case of other materials is, as a rule, 
much greater. It is not necessary, nor would it be proper, here to enter into 
a minute or scientific statement of the effect of climate upon different classes of 
material. The subject belones more properljr to scientists. I merely cite the 
case of raUs to illustrate the lack of information on such subjects by those whose 
duties are connected wholly with the care of such property."— [Marshall M. Kirk- 
ham, " Maintenance of Railways."] 
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any period of their lives. It has been shown that so wide is skui and mtem- 

^ * genoe dlvoroed by 

the chasm between our schools and our workshops that those Sd^rLech^fl. 
in the one seldom pass directly into the other, and conse- 
quently manual skill and intelligence remain divorced. 
By means of workshop-schools, properly conducted, a rail- 
way company may not only obtain intelligent help cheaper 
than it could otherwise be secured, but it may also so shape 
the instruction therein as to exactly adapt it to the require- 
ments of its service, and thus give it a special value not 
attainable elsewhere at any price. Such schools also seem 
to o£fer the easiest and cheapest solution of the problem afft^to^^tlf^k^ 

•1. /»i ix* !•• Shop school* apon 

now to secure a corps of workmen and operatives combimng rauw»y intarests. 
technical skill and general intelligence in a high degree 
with that special acquaintance with the needs and details 
of operation so important in railway service. 

Again, it is matter of common observation that our univer- 
sities, colleges, academies and high schools turn out, in super- 
abundance, young men possessing theoretical knowledge 
and dialectical skill in sufficiency, but who, lacking 

-x A -1 X' 1 1 1 J Character and 

manual expertness and practical knowledge, are com- degree of efficiency 

* ., ri»-i ot academic grad- 

paratively useless for industrial purposes. Similar com- J^^^^f^^^y 
plaint is also very generally made against all our techno- 
logical schools — that their graduates are too theoretical 
and not sufficiently practical, and this must necessarily .be 
so wherever such schools are unconnected with shops 
operated as bona-fide industrial enterprises. On the other 
hand, it i8 difficult to procure at any price men who combine 
superior skill, comprehensive mechanical knowledge and 
general intelligence in such proportions as to make them 
valuable as foremen, managers and specialists in mechanical 
pursuits or in the operating branches of railway service. 
An appreciation of this fact, and of the necessity for 
educating their workpeople to an understanding of modem 
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railway machinery, appliances and methods, has led a 
number of managers to seek the services of the graduates 
of technical schools as assistant foremen, assistant super- 
visors, assistants to engineers of roadway, master me- 
chanics, etc. After some actual experience these young 
men are put in line of promotion, and inquiry shows that 
generally they stand well in their respective corps, but 
even after going through the shops, such graduates con- 
tinue more theoretical than practical, and this constitutes 
the great objection to railroads taking into service techno- 
logical school graduates, instead of educating their own 
young men. 

As already shown, combined mental and physical educa- 
tion alone give satisfactory results, and no substitute for this 
method will yield a railroad the highest value of its 
talent.* The Pennsylvania Railroad pursues the plan of 
SiiuJg^i'SdiatlSf ^^^^^^8 of the graduates of technological institutions enter- 
ing its service a novitiate in the construction and repair 
shops at Altoona before they are permitted to enter active 
service. Many young graduates of technical schools so 
highly value the opportunity of studying the scientific 
methods and enjoying the instruction of the Altoona shops as 
— ^it is said — to disregard pecuniary compensation, in a 
wise desire to avail of the fine training obtainable there. At 
the same time, if I am correctly informed, this instruction 
is neither so specific nor so thorough as it should be, nor 
can any method by which it is sought to qualify young 

* Dr. Quincke, formerly Professor of Physios in the Berlin Polyteohnio School, 
and now Professor of Physics at the University of Heidelberg, pointed out to 
the Royal Commissioners the error made by many in believing that any poly- 
technic course of instruction could by itself teach a student (for instance) to 
erect an engine, work a blast furnace, or manufacture sulphuric acid ; the real 
object of a technical school being to facilitate the transition from pure science 
to practice by means of appropriate lectures and laboratory work, which are 
obviously insufficient to prepare the student for carrying on actual work where 
practical experience is needed. 
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men as railroad officers be successful which does not pro- 
vide for theoretical instruction in those branches of knowl- 
edge that comprise what may be designated as railroad 
science, pari passu with actual commercial shop- work ; 
,the latter illustrating and confirming the former. This 
method of combining theory and practice so as to give Thenetbodnow 

* In force at M t. 

both an educational value has during the past year been^iare^tor^uring 
pursued with signal success in preparing the apprentices"*^* 
at Mt. Clare for cadetships in the B. & 0. service, 
under the program announced in your circular of January 
15, 1885. When it became publicly known that techno- 
logical instruction had been inaugurated at Mt. Clare, 
we were besieged by applicants for admission to the 
school whose social status, scholarship and culture were 
infinitely superior to anything found among the 147 appren- 
tices already in service, whom we had examined under 
the terms of that circular. Many of these young gentle- 
men entered as regular apprentices, without favorable 
discrimination as to hours of work or pay; in fact, 
they accepted low wages for services far more valuable 
to the company than those of the average uneducated 
apprentice. By supplementing their shop- work with the 
class-instruction which was specially adapted to it, they 
have achieved excellent records, and now possess a very 
solid foundation for a higher technical course, in which 
theoretical instruction may predominate, and after a year 
or two of further study they will honor the service in 
whatsoever positions may be assigned them. 

With educated and intelligent workmen and operatives, intelligent wori^- 

•1 • .11 m j% • *! X 3 ±t manship will re- 

railway companies will have fewer accidents, and the duce accidents, 
saving on this single account would doubtless often more 
than cover the cost of a liberal educational provision. 
Of the graduates of a technical school at Lille, M. 
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Hovarez says: '^ Those engaged in working mines soon 
perceived that workmen who came from this school heated 
their boilers better and with less coal than did the other 
workmen, and that they escaped many accidents and 
repairs and stoppage of machinery," If this be true of 
simple stationary engines, how much greater must be' 
the effect upon such complicated machinery as railroads 
operate ! On this point Judge McArthur says that tech- 
nical and scientific education becomes a subject of universal 
interest; that — 

"The ordinary accidents to which we are exposed arise in too many instances 
from some error in the work of the draughtsman or the machinist. The unexpected 
fall of buildings, and their bad construction, as developed in cases of fire, are 
sometimes attended with horrors that curdle the blood and sweep away precious 
lives by the most excruciating deaths. The wheel or axle of the locomotive may 
be unsound in material or mwiel, and the train in its rapid flight be plunged over 
a viaduct or embankment, bruising and maiming its living freight and sending 
our best and most beloved ones into the grave without warning or preparation. 
Boilers explode, machines are shattered, owing to defective work of some kind, 
and the newspapers publish a daily catalogue A disasters more appalling than the 
carnage of war. The lesser evils are also considerable." 

Many of the discoveries of the day are not used because 

workmen do not understand them or are incompetent or 

wSkmeiTuMbie ^^^wilUng to utilize them, and there is also an acknowledged 

d\£S^£^J^a^^ deficiency in the ability of railroad employes to determine, 

with scientific accuracy, the shapes and dimensions which 
are best adapted to stand the strains of the various work- 
ing parts of the locomotives and other machinery used by 
railroad companies. Though much has been done in this 
direction by specialists, it is more than probable, from their 
testimony and from the deficiencies of such machinery, that 
scarcely a tithe of the facts that may and ought to be 
induetriaiprob. kuown in this matter are yet discovered, or, where known, 
nomioaiiy BoiTod availed of. Such mvestigations, owing to the scarcity of 

in conj unotlon o / o */ 

with Bchooi work, men combining both practical and theoretical knowledge, 

are so costly and uncertain, and require so much skill and 
technical training to conduct them, that manufacturing 
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companies cannot often afford to hire specialists or bear 
the expense of experimenting ; but in a school connected 
with railway shops, under competent guidance and insti:uct- 
ors of ability, much may be done, as a part of the school 
and shop- work instruction, that will, at the same time, 
accomplish desirable results in other fields. It is the 
testimony of many of our best educated engineers that the 
engineering profession in all its departments is continually 
hampered by the want of more extensive and more accu- 
rate experiments. They say that "in far too many 
matters they have nothing to rely on but the imperfect or 
imperfectly reported results of antiquated experiments." 
The difficulty is that most of their experiments and 
observations have necessarily to be of short duration, and 
that they have insufficient data upon which to base their 
conclusions. If, now, we can introduce the scientific method 
of original research and experiment into our workshops ; 
if, instead of one experimenter, there may be dozens of 
wideawake, observing and energetic men in search of 
scientific and mechanical truth ; if, instead of ope experi- 
ment at a time, there may be several under different cir- 
cumstances going on at the same time; if, instead of 
continuing a single day or a single week, these experiments 
in the workshop may be continued through months and 
even years ; if, in other words, our workmen, or a large 
number of them, can be taught to regard the workshops 
themselves as great laboratories for continued research, 
experiment and observation with a view to gaining original 
information for practical purposes ; then there need be no 
more complaint in the realm of applied science about in- 
adequate data and uncertain conclusions. 

But there are other important considerations which 
should induce railway managers to promote the education 
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of their people. The advance of our civilization is seen 
in an awakened eagerness for scientific discoveries, and dis- 
position to use scientific investigations, not alone as a method 
of mental gymnastics, but as a torch to illumine great fields 
of productive and commercial industries and to shed light 
upon the pathway of the laboring masses. What the out>- 
come of this spirit of invention and discovery in the realm 
of applied science will be can only be conjectured, but 
whatever other industries may be afiected by it, none 

Scientific inves- .11 n . 

ttia^prowems""* *^® moro likely to reap nch harvests from its encourage- 
profl^wetoraii- j^^j^^ ^^ growth than those railroads that, in point of 

qualified managers, scientific specialists and intelligent 
and skilled workmen, are best prepared for promptly 
utilizing such developments. No industry has fixed 
boundaries, nor can any be said to have reached matu- 
rity. The inventions of to-morrow may necessitate 
radical changes in the processes and in the kind and 
manner of manipulating the machinery of to-day. We 
have seen how combined scientific and technical educa- 
tion conduces to economy and net results, by culti- 
vating habits of thought and observation, and devel- 
oping special aptitudes ; thus enabling workmen to utilize 
improvements and inventions at large, and encouraging 
them in attempting inventions and seeking for more 
economical methods of work, which inure mainly to 
the benefit of the employer. Original mechanical con- 
trivances; new — and improvements in existing — processes 
and methods of manufacture, are seldom the result 
HowimproTe- of accideut or the fruit of a low degree of intelligence. 

ments In mecliftnl* a -!■ e* ±1 i * 1 /**jx*i 3 i. *i 

cai prooesses are Aualv SIS of the history 01 mdustrial and mechanical prog- 

aclxieved. ... 

ress demonstrates that the large majority of inventors 
who belonged to the artisan class were deserving, faithful, 
investigating and generally well-educated men, whose 
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minds, through technical training, had acquired flexibility, 
and whose faculties were stimulated by study. If our 
workmen do not make inventions and develop economical 
methods of labor, others in the employ of rival companies 
will do BO, and the active competition of the age will give 
those corporations that are advanced enough to cultivate 
the intelligence of their employes material advantages over 
others. Even if, in order to neutralize this superiority, we 
are willing to pay well for the privilege of utilizing im- 
provements and inventions owned by antagonistic interests, 
we may still lack the power, through want of intelligence 
and skill on the part of our own people. Because of the 
lack of scientific knowledge that would have enabled its ^unwisdom ot 
managers to appreciate the value of a meritorious improve- ^JJJiJ'*" ^^ ^^' 
ment, a railroad company with whose affairs you are 
familiar, now has to pay a rival corporation for the use 
of a slide-valve for its locomotives, invented a few years 
ago by one of that company's employes, who, for a nominal 
consideration, would have licensed it to manufacture this 
very valve for its own use and for sale to other companies. 

In this connection I again quote from Professor Huxley's 
declaration that " the advance of industry in all countries teSim'ony !?£' 
depends on employers being able to find to their hand per- SSS^^SpSL'^idS- 
sons of sufficient knowledge and sufficient flexibility q^"^^^^^^"^^^^- 
mind to be able to turn from the one thing they have been 
doing to something different, according to the nature of the 
improvement that has been made "; and that " the develop- 
ment of industry under its present conditions is almost 
entirely the result of the application of science to the 
development of mechanical processes of complexity, requir- 
ing a great deal of attention and intelligence to carry them 
out." 

In this connection, the citation of two curious circum- 
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stances, bearing on a branch of trade in which we are 
greatly concerned, will interest you. The iron and steel 
cau'mS^pJSP**' workers of Cheshire and Lancashire are the most skilled 
inventive. manipulators of the common metals in the United King- 

dom, and their mechanical instinct has been hereditary for 
centuries. The first Earl of Chester was Master-of-Arms 
to William the Conqueror. His workmen resided in the 
villages of those counties, and when the use of armor was 
discontinued they were still notable workers in iron and 
steel. Their descendants still call their tools and imple- 
ments by Norman-French names. They possessed hereditary 
skill and hnack such as no other' worhingmen in the King- 
dom had ; yet from all this body of skilled labor no inventions 
came; they were and are satisfied to go on as their fathers 
and forefathers had done, and the inventions which have 
made this the age of steel came from those who were des- 
titute of their practical skill. The introduction of the hot 
blast in the furnace ; the application of the cold blast in the 
Bessemer converter, which changed liquid iron into steel ; 
the production ofsteel direct from ore on the open hearth, and 
the discovery of the basic lining, by which phosphorus is elim- 
inated and all grades of iron made convertible into steel, 
revolutionized the mechanic arts ; and yet it is remarkable 
that only one of the inventors of these processes was 
directly connected with the iron trade, and not one came 
from all this body of workmen whose skill in manipulating 
iron had descended to them through many generations. 
The hot blast was discovered accidentally by an engineer ; 
vauibiY!n?entorB ^^^ Hcury Bcssemcr was an engraver; William Siemens was 
m metallurgy. ^ mcchanical engineer and electrician, unconnected with 

iron industries ; Gilchrist Thomas was a member of the 
Civil Service ; James Watt was an instrument maker ; so 
that the iron and steel industry owes its development to 
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science, dieitinct and apart from itselfi and in no material 
degree to its rule-of-thumb workers. 

The rapid and important improvement of machinery 
and mechanical appliances has placed many of our older 
railway companies at a disadvantage, in respect to economi- 
cal construction and repair, in that their shops are filled DiMdvautage of 

• 1 i« 1 i« nil using ftnttQuatod 

With machinery and appliances of obsolete patterns, machinery. »nd 

, , ^ ' crude workman* 

costly and slow in action, while works more recently ;J^p*° "*"''*^ 
established are generally equipped with the latest and best 
the market affords. Mechanical processes enter so largely 
into railway operations, and the results of using crude help 
or plant so directly and seriously affect the percentage of 
operating expense to gross receipts, that one unacquainted 
with the history of railway management would naturally, 
but vainly, look to railway shops for the latest improve- 
ments in processes and machinery there used ; for prob- 
ably few managers would have the temerity to propose 
the periodical replacement of obsolete for the latest ap- 
proved practice and inventions in shop-w(»rk, though able 
to prove the wisdom and economy of such a procedure. 

I might almost indefinitely multiply testimony respecting 
the difference in eflSciency and economy between educated 
and uneducated labor ; but I apprehend it is only neces- 
sary to prompt the minds of those experienced in handling 
labor to the line of reflections above suggested, to lead them 
to convictions respecting the economy in time, material, 
supervision, and value of products turned out by educated 
help fully as strong and emphatic as those I have quoted. 
At least those employers and supervisors of labor who possess 
the kind of knowledge that can only be acquired from the igJ5)?anTo?nat?- 

«.i 1. tf»ii 1 iifi J* 1 ^^^ \Ayr% and eclen* 

combined reading of books and extended observation know unc method*. 
that at the present time most workmen in America have 
little general intelligence and less general skill ; that most of 
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them see machinery in motion governed by laws of the 
existence and nature of which they are totally ignorant ; 
that they see operations performed the nature and scope of 
which they are incapable of understanding ; that they are 
accustomed to make parts of machinery which, together 
with other parts of machines made by other workmen, go to 
make up an organic whole, and yet neither know nor care 
to know how to put those parts together, nor how to 
operate them when combined. It is needless to comment 
upon the results of such ignorance, except to point out 
that, aggregated, it must entail enormous losses.* 

How best to remedy this condition of affairs is a problem 
of very serious import ; but I have written this report in 
vain if it has not at least demonstrated that, if we are to 
continue manufacturing our own plant, it will be cheaper to 
manufacture also our own skilled artisans, mechanics and 
other operatives out of the crude materials which abound 
in the shape of applicants for apprenticeship, than bid for 
them in the market ; especially as, thereby, we will secure 
a corps familiar with the needs of, and attached by various 
ties to, the service. 

Let me here add a little to the testimony in the first 
section of this report as to what technological schools are 
capable of accomplishing, especially in aid of railway in- 
terests. I call your attention to the mass of evidence 
contained in the Exhibits to this report, and in further and 



* While labor with hand-tools and niachines should be wisely blended, jet, 
since machinery has a constantly increasing share in the conversion of material 
into useful forms, the educated mechanic should know how to design, construct 
and assemble the parts of a machine, as well as how to make its product ; and 
excellence in construction is to be sought as a most valuable factor in instruction. 

The power of the engineer to decide upon general grounds the best form and 
material for a machine, and to calculate its parts, is vastly increased by blending 
with it the skill of the craftsman in manipulating the material, and the fact that 
the product is to be tested and used kindles interest in its manufacture and 
furnishes additional incentive to thoroughness and exactness. [Catalogue of 
Worcester Free Institute.] 



What tecbnotogl- 
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effective support thereof I adduce the testimony of Mr. J. 
Scott Russell, the eminent English engineer and builder^ 
and other intelligent directors of labor. Although a highly car^USs a'^T' 
educated man and an able scientist, whose scholarship has 
received recognition from several of England's learned socie- 
ties, Mr. Russell is not a mere theorist on questions relating 
to manufacturing and constructive industries. When a boy 
he served a regular apprenticeship at a mechanical trade, 
after which he long followed the business of practical 
engineering ; gaining such prominence that the building of 
the famous Great Eastern was entrusted to his superin- 
tendency. The testimony of a man who thus combines 
great intelligence and learning with experience in the 
workshop, in the art of originating, and in the supervision 
of workmen, ought to command careful consideration from 
those who are largely interested in enterprises requiring 
constructive and mechanical ability. 

In his ^^ Systematic Technical Education for the English 
People," a book published in 1869, Mr. Russell says : 8<^t"Er.efi.''' '' 

** It seems to me almost an axiom that intelligent men must do better work 
than boors ; that trained, skilled men must do better work than clumsy and 
awkward ones ; and that the more any man knows of the objects and methods of 
his own work, and the work of all those who around him are engaged in co-oper- 
ation, the more likely he is to do his owu part well, so as to exactly fit into and 
form one with his neighbor's work. Thus I think that an intelligent community 
of workmen will get through their work quicker, will flt its parts more nicely, 
will finish oft everything more sh-irply, will waste less material by trial and 
error, and so give higher value as well as quality and durability to all their 
work, than iprnorant, unrefined, uneducated men. 

'* Unhappily, mechanics, when taught to workingmen, is generally either 
taught superficially, unphilosophioall^, or with little or no reference to the busi- 
ness of tneir life. Economy of bodily strength, best ways of handling things, 
best ways of helping each other, best ways of carrying, lifting, shifting things — 
these are seldom taught. Some algebraical formula, or abstract geometrical 
diagram, is put before the poor mechanics and called science ; as well call it 
magic I'* 

" I will now come to practical matters which show directly the results of 
technical education in the production of one of its chief objects — the creation of Bearing of teoh- 
wealth. It is notorious that those foreign railways which have been made by Sliiway*ooMtra" 
the people themselves, in the educated countries of Oermany and Switzerland, tton. ^^ 

have been built far cheaper than those constructed by us in England ; it is 
knoum that th»y have been made by thepupits of the induairkU Bchoole and teeK- 
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niciU colleges of these countries ; and I know manj of their distinguished men 
wlio take pride in saying that they owe their positions entirely to their technical 
schools. I find everywhere through their work marks of thai method^ order, 
symmetry, and absence of waste which arise from plans well thought out, the 
Judicious agitation of principles^ conscientiofts parsimony , and a high feeling 
of professumcU responsibility. In the accurate cutting of their slopes and 
emoankments, in the careful design and thoughtful execution of their beautiful 
but economical stone masonry, in the self-denying economy of their large span 
bridges, the experienced traveler can read as he travels the work of a supe- 
riorly educated class of men ; and when we come down to details, to the con- 
struction of permanent way, arrangement of signals, points and sidings, and 
the endless details of stations, we everywhere feel that we are in the hands of 
men who have spared no pains, and who have applied high professional skill to 
minute details. It is well known that many years before we could follow their 
example, the engineers of the German railways had introduced a system of con- 
structing and uniting to each other the iron rails of the permanent way which 
made them cheaper, s^er and more durable than those employed in England. 
♦ * * It is remarked by every traveler that the work of their railway 
stations is, when compared with ours, much more beautiful, convenient and fit, 
both within and without ; the construction of their trains, the proportions of 
their carriages, the fitness, convenience, and comfort of their internal arrange- 
ments, all tell to the disadvantage of ours, and the only thing in which our 
railways excel theirs is in high speed. Theirs, on the other hand, are econom- 
ical in capital and high in revenue." 

** To return to the mere vulgar usefulness of educated human beings. I will 
venture a remark from personal experienee in my profession, which 1 trust may 
illustrate the vast importance to us of educating not only governors, or roasters, 
but of extending a high scientific education and skilled technical training to the 
workingmen of all skilled occupations. It is this : The community at large are 
deprived of the use of enormous treasures in mechanical invention, and enor- 
mous progress in scientific arts, by the fact of the general want of education in 
those who practise them. It may not be known, but it is yet true, that the 
mechanical power employed in all our manufactures is infinitely more costly 
than it need be. It is equally true that some skilled men of such professions 
know thoroughly how to produce immense economy in the production and use of 
mechanical power, but that we dare not put the means into the hands of the 
uneducated masters under whose control they would be applied. I am not now 
speaking of a loss of five, ten, twenty, or thirty per cent. : I say that I know that 
we are only utilizing one-tenth to one4went%eth of the power we employ and 
waste, and that an economy of one hundred, two hundred, three hundred, and 
four hundred per cent, is quite within our power so soon as a better informed, 
higher skilled, more perfectly trained doss ofmtn and masters shall arise, who 
are fit to be trust^ with the use of instruments and tools at present utterly 
beyond their comprehension, control or application to use. Special knowledge is 
not sufficient to produce even the best special results. The best workman is 
always the one who has a knowledge of tools and principles beyond the direct 
requirement of his work, whatever that may be. The best scientist is always the 
one who acquaints himself with other departments of science than the one to 
which he is specially devoted. The best artist is always the one who does not 
limit himself to his specialty, but studies the whole circle of art. This breadth 
of study and work gives a breadth of knowledge and training which decidedly 
strengthens a man for his specialty, be that however rude.'' ^ 

'* I am continually asked why a man whose business it is to turn a furrow, dig 
a ditch, wheel a barrow, move bricks, saw trees, phtue boards, quarry stones, get 
coals, or hammer hot iron, need know anything more than how to handle a spade, 
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'nulate his hammer ; and whether more knowledge than that 
-nds and set them above their work. 

' bat, taking the matter on the very lowest grounds, I 

which the man of greater intelligence could not The educated 
' 1 better purpose, and with less waste, than the "J^n makes the 

society. I have seen at the plough the clod- Sorttmn* or u?" 
...1 the well-fed brutes in front of him, let his meet vulgar pur- 
iiall (sure how it went, and little thought as to"ai<A* 
1 have seen the skilled ploughman, with half the 
. w) greater toil to them, cover double space on the 
• :in, straight, even, well-finished work. The one knew 
.1.^ ti>am, the strains on his harness, the adjustment and 
'. and felt at his fingers (instinct with intelligence) every 
. >M or force which indicated whether his own slight pressure on 
-iit»uld give it bias one war or the other. The one man avoids 
i -i ^e he sees it beforehand ; the other endures it because he is in the 
nofore he knows it, and so must go through it. The intelligent 
hiys out wisely his day's work before he puts a spade in the soil, has 
t. and arranged it that every bit al earth is moved out of its old place 
. s new the shortest way, over the least distance, with the least force. The 
.••<1 navvy can do double the work in the day of the equally stout but un- 
...lled rustic ; and if thiabe the case in the lowest operations of moving earth, it 
rieefls no iteration on my part to show that in every succeeding stage of work — 
in getting stone or jetting coal— ^ven before we come to shaping, selecting, fit- 
ting, fixing and finishing articles of workmanship, the more mtelligent and bet- 
ter trained man will use his mind to apply his strength and wield his tools so as 
to spare his strength and material either for himself or his master. Estimated, 
therefore, on the lowest scale of social value, education means economy, profit, 
absence of waste." 

Mr. John W. Ny8trom,atone time Acting Chief Engineer, 
U. S. Navy, who received his education in the Royal Tech- Testimony of 
nological Institute at Stockholm, in which theoretical tMh^uAi^^^ca-*^ 
training is supplemented by workshop and laboratory 
practice, in a report advocating a Techno-NavcU Academy y 
says: 

"There is now a very distinct line drawn between scientific and practical 
men. The more we study and cultivate the branches separately, the more dis- 
tinct will this line become and the less will they understand each other, and 
may ultimately fall into irreconcilable estrangement. The prejudice against 
science is in our day a very serious evil. 

" A blind man can walk on roads and streets, but when he finds an obstacle 
must stop ; at a ditch he may tumble into it ; he cannot turn from his accus- 
tomed track. Such is the case with many practical and otherwise most valuable 
men working without a knowledge of physical laws. In order to follow up 
the improvements of the age, the track pursaed by our fathers must often be 
abandoned and a new one selected and surveyed for ourselves. 

"Without the application of science we go ahead without knowing where we 
are going. In verification of which we have many examples in engineering 
blunders, sometimes submitted to a committee of inquiry, which may result in 
the discharge of the engineer, accompanied by extravagant abuse of the depart- 
ment concerned, and the evil only temporarily remedied by substituting 
another, who will most likely not repeat the same blunders, but will do some- 
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thing worse. There is jet no attempt made to permanently remore these evils 
and secure success in our enterprises by proper institutions." 

'* At the present time scientific attainments and true practical knowledge are 
very little respected ; physical laws established by the Creator of the universe 
are often derided as theoretical ; ignorance has taken the lead, and rules in 
the ascendant, and often adopts that which is opposite alike to science, experi- 
ence and common sense." 

'' We roust in all ages and in all countries expect active and operative minds 
to come forward with ingenious contrivances, sometimes with wild ideas, ridicu- 
lous in design, and wrong in mechanical principles ; but then it is the function 
of science and knowledge to step in and correct their aberrations, or, if necessary, 
to guard against or prevent their further introduction until developed to an edu- 
cated design, which otherwise might lead to destruction of life ana property. 

'* On the other hand, most ingenious and valuable ideas are sometimes submitted 
to the opinion of scientific men with no practical knowledge, who may condemn 
them from an imperfect perception of their merit It is only a knowledge of 
combined theory and practice that can accomplish justice in all cases." 

*' We have numerous examples in Europe, particularly in Russia, where engi- 
neers are educated to only scientific attainments, and who, when they enter a 
machine shop or engine room, are incompetent for the proper conception of 
work, but are, nevertheless, entrusted with responsible stations, where their 
practical achievements only lead to mischief. 

** Our experience throughout life teaches us that a practical man without science 
seldom makes such serious blunders as a scientific man without practice. The 
merit then of the Teehno-Naval Acc^emy would be in the education of engineers 
in the practice, and not with mere scientific precepts of professors. 

'* The writer has often observed the career of stuaentsfrom colleges, and regrets 
to say that too few of them turn their attention to work. Those who have 
received scientific education generally prefer to become professors, scientific 
advocates, patent agents, lawyers, philosophical secretaries, etc., etc., while the 
practical operations of our workshops suffer in the extreme. Every once in 
a while we have a steam-boiler explosion, killing off a great number of men, 
with great destruction of property ; we build vessels which will not float ; are 
often disappointed in the performance of vessels and machinery ; we waste great 
amounts of fuel, and we make extensive and costly experiments in steam engi- 
neering without consulting the physical laws involved in the operation. 

** In iron foundries castings are often made with too little metal, and some- 
times too much ; the hydrostatic action of the fluid cast iron in the mould is rarely 
understood ; the laws of shrinkage, strain, direction of crystallization, and sink- 
ing in castings of irregular form, are not generally comprehended ; and many 
defects of experience exist which often caufe the loss of valuable castings, for 
want of applied science. When the casting turns out a failure, it is generally 
said that the foundry superintendent is not skillful, or has not experience enough, 
which often means that ne has not made blunders enough to secure success. 

'* The general impression about the business of moulding and casting, as well as 
all other branches of mechanic arts, is, as has been repeatedly told to the 
writer, namely, that *the profession cannot be brought within' the scope of 
science, and must be leamea by experience alone.' 

** On the other hand, scientific men without technical education, entrusted with 
practical problems, are generally not familiar with important circumstances 
involved in the operation, which accordingly results in blunders ; they are then 
derided as ' scientific men.* " 

England has long had a large hody of skilled workmen. 
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by whose labor she has attained commercial and manu- 
facturing pre-eminence. But mere *^ rule-of-thumb " work, to^fSSSn SS?^* 
without general intelligence and scientific knowledge, was^^^n^^h^' 

° ,,1 iiti manual akiU of 

insufficient to hold that pre-eminence, which has several >^«' ^o'^^p^p^*- 
times been in jeopardy, and is now maintained only through 
recognition of the fact that her laborers must be intelli- 
gent, and that their technical and scientific education is a 
national work. In this connection I call your attention to 
the following and to other quotations in Exhibit M about 
the waste of material, etc., in construction, due to lack of 
educated labor. 

In the report relative to technical education by the 
Schools Inquiry Commission of 2d July, 18G7, Mr. 
McConnell, one of the English jurors, is quoted as saying : 

" In the daas for which I was juror for England, I made a very careful exam- 
ination and comparison of our looomotires, engines, carriages, railway machinery, 
apparatus and material with those exhibited bj France, Germany and Belgium 
( which governments support schools of technology). I am firmly conyinced that our 
former superiority, either in material or workxnanship, no longer exists. . . . 
Unless we adopt a system of technical education for oar workmen in this country, 
we shall soon not even hold our own in cheapness." 

The Royal Commissioners make frequent mention of 
the fact that in the most enterprising and successful facto- 
ries and shops of Europe they found men peculiarly fitted 
and trained for their special duties placed at the head of Trained special. 

.v-iiijr rii* Ists In laduBtrlal 

the various departments and shops as managers and fore- estabiiahmenta ot 
men. But they particularly noticed that very many of 
these firms had been compelled to make provision for the 
training of their own managers and foremen, so as to 
secure men specially adapted to their particular industries.* 

* It will be noted that the British Commissioners' report expresses astonishment 
at the great progress on the Continent of industrial methods and the successful 
application of scientific principles to manufacture since the Paris International 
Exhibition in 1878. [Second Report, Vol. I, p. 505, ei aeq,'\ They say that 
the i^reat industrial establishments are almost perfect in their management and 
efficiency of production, especially in France, in Germany, in Belgium and in 
Switzerland, the countries where technical education has been most effectually 
tried and adopted. In 1878 the English nation was conceded to be far ahead of 
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In his testimony before our Senate Committee on Edu- 
cation and Labor (Exhibit R), Mr. Mather said that, 
as the result of the long and thorough study of our 
institutions which he had made preparatory to reporting 
to the Royal Commissioners on the industrial and educa- 
tional facilities of the United States, he had recognized the 
"native ingenuity" of Americans in contriving helpful 
devices in various industries, and particularly in matters 
of transportation; but he had also seen that, notwith- 
standing their enterprise and ingenuity, Americans owed 
much of their rapid advance to technically educated Euro- 
peans, and that in so far as their achievenotents are the 
result of native efforts, it is due to lately established 
technical schools. I quote his language on this point : 

'* The workmen of America have been educated and broaght np nnder conditions 
tlmoDyb^^>!^^^si cllfferent from those prevailing in Europe. It is impossible to trarerse this vast 
Senate Commtuee continent (America) without witnessing the evidence of originality of applioa- 
on ^bor on Indus- tion and of a growing development due to education in the scientific arts. In 
trial educauon. ^j^^ railroad system,, from the locomotive to the baggage car, there are original 

design and naked ingenuitj in every contrivance ; in bridge-building, great dar- 
ing and ready devices for temporary, yet safe, structures ; in the navigation of 
rivers there are boats which differ from all European systems. The shallow rivers 
like the Mississippi, in summer, are navigated for thousands of miles by steamers 
drawing less than twelve inches of water. The Ohio conveys thousands of tons 
of material from Pittsburgh by boats drawing nine inches of water. Towns like 
Chicago, Denver and San Francisco were bmlt under dil&culties which require 
an entire departure from all old methods of applying science. The produce 
of the great agricultural regions suggested new methods of tilling, sowmg and 
reafMug, and in agricultural machinery the Americans showed how quickly and 
directly science could deal with vast products, which would rot in the field but 

these countries in the production and manipulation of machinery, but the Com- 
missioners now adroit that much machinery of all kinds is produced abroad 
equal in finish and efficiency to that of Engluid, and that it is applied to manu- 
factures with great skill and intelligence. 

When we remember that England has heretofore taken the lead in European 
manufactures ; that she has decided advantage over her Continental rivals in 
the abundance of crude materials and cheapness of fuel ; that heretofore her 
machinery has been acknowledged to be far superior to that used in the factories 
of other European countries ; that the concessions above referred to are made 
and published to the world by a commission consisting of English manufact- 
urers, legislators and educators ; and when we consider further that not until 
veiT recently has England done anything worthy of mention for the education 
of her artisan class, while Continental nations have made strenuous efforts 
to this end through the estal^ishment and munificent endowment of polytechnic 
and other industrial schools, the economic value and great importance of tech- 
nical education appear in a most striking light. 
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for mechanical skill to preserve them. The same aptitude that dealt with the 
orerwhelmin^ abundance of the West has turned to account the sterility of the 
East, where in Maine, New Hampshire and Vermont the mechanical skill of the 
farmer in devisinff economy has contributed as much to his support as his knowl- 
edge of cattle and crops. 

*' It is, of course, in the more recent structures and modem mechanical appli- 
ances that the evidence of scientific truths and methods is observable. The 
rough-and-ready contrivances of earlv railroad development indicate originality 
and ' mother wit,' but in the waste of material and crudeness of design may be 
noticed the absence of technical or scientific training on the part of those who 
conducted extensive engineering and niechanical (^rations in those days. The 
gradual diffusion of science is very marked in the rapid reconstruction, during 
recent years, of the great railroads of the past, and in the new main lines. Also 
in railway plant generally, the old is being replaced by the new, and the latter 
exhibits high theoretical knowledge combined with practical ingenuity. 

" The Americans undoubtedly owe to many European engineers the rapid 
advance they have been able to make in their public works. The oonservatian 
of water power for the use of the mills at Lowell and Lawrence^ in Massachu- 
setts, is due to the eminent hydraulic engineer, Mr. Frances, an Englishman 
who practised for forty years in America, and who is deservedlv esteemed as the 
highest authority on hydraulic engineering in America. Altnough a lucrative 
field was, in the early days, open to European engineers and machinists having 
a thorough scientific knowledge of their profession, yet it is evident that they 
soon found apt scholars in America, who, as they acquired some theoretictu 
science, launched out into new paths, nntrammeled by the traditions of older 
ootintries. 

" Even the science of foreigners, when applied here, takes different methods. 
The Englishmen and Germans become bold and self-confident to a degree only 
manifestod by rare men in Europe. The everlasting thirst for aomtihing new 
excites, stimulates and drives men to venture into untrodden paths of applying 
their knowledge.'* 

" All these evidences of scientific skill (in America) speak well for the methods 
of education in the recent past, so far as it goes, but other influences, such as 
'necessity the mother of invention,' and the presence in America of foreign 
experts, will account for much of the rapid growth in the mechanical arts. The 
future development will depend upon a population not compelled to dare and 
endure and experimentalize for ' very life.' In the past the waste of material 
has been excessive. To make the best use of a given quantity of material 
requires a sound knowledge of its properties and of its disposal in the arts and 
manufactures by scientific methods. In this direction the technical and science 
schools already instituted have accomplished much in providing foremen and 
managers, chemists, miners and intelligent employes in the engineering and 
manufacturing products. (For schools referred to see Exhibit L. ) 

" It is remarkable, however, that in the great centres of the mining and iron- 
producing districts, where so large an amount of mechanical construction is carried 
on, as, for instance, in Pittsburgh, Chicago, Detroit, Cleveland and Philadelphia, 
so little has been done by the owners of Urge establishments, or by the town or 
State authorities, in the direction of technical schools, or evening science schools. 
These industries represent a large proportion of the working population in those 
large cities, and yet the owners of works have to rely upon the scientific knowl- 
edge obtained through many institutions remote from these districts." 

Mr. Mather is only one of many who have seen and 
regretted — and have called attentio^i to — the lavish waste 
of material and reckless expenditure of time and money, 
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and even sacrifice of human life, that have resulted from 
our lack of scientific knowledge and failure to appreciate 
the economy of its application to productive industries. 
The facts cited in his report form an eloquent appeal for 
its greater application to our arts and manufactures. 

Elementary knowledge is most easily, economically and 
thoroughly acquired in youth, when the mind is free from 
cares and distractions inseparable from manhood. Upon 
this point Mr. John B. Jervis, a civil engineer, who has 
lately written on the construction and management of 
railroads, well says : 

" Though there are exceptions, it is a general truth that it is expensive to 

Elementary learn a new occupation in maturer manhood ; and consequently, the railway 

knowledge eco- company that commit their business to unskilled or uneducated men, must be 

nomicaiiy aoquir- ^^ the expense of educating them during their supervision of business, and while 

ed only in yoath. ^y^^^ ^^ l^Tning its arts and duties ; meanwhile^enending on advice, trusting 

to the guidance of others as they may chance to find out matters beyond their 
powers of criticism. Can there be a doubt that the proceedings of the pupil will 
often be undecided, wavering, and wanting in that system indispensable to the 
efficient and successful conduct of intricate and important business ? Now, it 
has happened that such men have in some cases eventually acquired a good 
knowledge of business, but it is obvious that this education has been of the 
most expensive kind, and, what is particularly important, it has been at the 
expense of the proprietors, who paid a salary while -tne incumbent was obtaining 
the qualifications tnat would enable him to earn it. 

" It will be admitted that training of some sort is necessary for every depart- 
ment of labor or business. 

" A man who is educated to a particular business — ^whose time is devoted to a 
full understanding of its requirements — and who is stimulated by the considera- 
tion of professional reputation, is more likely to conduct affairs advantageously 
than one who picks up his ideas at random, and though doing some things very 
well, will often fail in respect to others. Certainly the important matter of 
maintaining the track and machinery of a railway should be committed to the 
most competent hands." 

I also repeat that it is the universal testimony of em- 
ployers that the graduates of good technological schools 
have a greater capacity for work than other workmen of aver- 
noiogk»i^L?ooi^^' age intelligence, and that they easily adapt themselves to 
^o'»^- changes of employment oftentimes to the great financial 

advantage of their masters. 

It has already been shown that many manufacturing com- 
panics in Europe have recognized the importance of 
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affording technical training to their employes, and I have 
also called your attention to many workshop schools in 
various parts of Europe that are wholly or partly sup- e^!SS2S emp?Jy. 

, , . n 111. 1 ^ . "^ ^ -^ era of the value of 

ported by proprietors. So valuable is such previous teen- JPS^^f^^"**^ 
nical training recognized to be, that I have learned of a 
large number of instances where employers are in the habit 
of sending to home and foreign exhibitions, at their own 
expense, those of their young people most advanced in tech- 
nological study and of quickest perceptions, in order that 
they may study new inventions, machinery, etc.; while 
many others allow their apprentices and young men to leave 
their work an hour or more before stopping- time, on 
class-nights, without abatement of their wages. Many 
European manufacturers and the managers of some for- 
eign railway works now call the particular attention of 
their workmen to new designs, improvements in machin- 
ery and methods of work, and to successful inventions 
that have been made by other workmen trained in 
technical schools. Such workmen, partly as a result th?i?ieoM?42tt- 
of greater intelligence, recognize and are stimulated by to employers. 
the great possibilities that are constantly opening up 
to them, and partly through a love of study and in- 
vestigation acquired in technological schools are con- 
stantly on the alert for opportunities to accomplish some- 
thing above the performance of mere routine duty; 
whereas, lacking scientific knowledge and technical train- 
ing, they would probably not only have contentedly fol- 
lowed in the footsteps of their predecessors, willing 
subjects to the tyranny of routine, but would, in all prob- 
ability, have opposed the introduction of improvements -^ 
made or suggested by others. 

Valuable information in the same strain is furnished by 
a number of the leading manufacturers of England, who 
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Further English state that, as One beneficial result of the instruction given 

testimony of the ' ^ 

MhoSte!^^'^"**'^^tl^®ir employes in classes and evening schools, they have 

perceptibly advanced in intelligence and, understanding 
better the directions given them, and the objects had in 
view in the work assigned them, their usefulness and 
value have been materially increased. That whereas, 
before they received a technical training, their workmen 
would have to return to the shops to get personal instruc- 
tions on every emergency or case of difficulty, the same 
workmen, after acquiring the ability to make sketches and 
to reason about their work, now make suggestions them- 
selves and remedy such difficulties without delay ; also, 
that instead of requiring a draughtsman or foreman to 
look after every separate shop, the young fellows who are 
growing up under their system of technical instruction 
are making their own drawings, working from them, 
fitting their work together and erecting it with great 
economy, because one man now does what it used to 
require a separate man in each department to accomplish ; 
and, generally, that their workmen are, at a much earlier 
date than formerly, acquiring intelligence and ability to 
understand and to execute their tasks, and at much less 
cost to the manufacturer. [Royal Commission, Second Re- 
port, Vol. II, p. 430; Vol. Ill, pp. 217-18.] 
Educational and Oue of the most Valuable and efiective agencies for 

roechanlcal ▼alue 

of drawing. iucreasiug the intelligence and efficiency of workmen is 

instruction in drawing. The habit of working from draw- 
ings and from careful measurements ; the ability to make 
drawings and to construct machinery and other products 
according to scale (which may readily be acquired in a 
school of technology by any one of ordinary intelligence) 
will always be a source of profit and economy to employ- 
ers, and is probably of greater importance in railroad shops 
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than in any other branch of industry. Very few of our 
artisans (and in this general term are included carpenters, 
shipbuilders, masons, machinists, etc.) know enough of 
the principles of projection to be able to read the working 
drawings placed in their hands, to say nothing of the skill 
required to make such drawings, and are therefore obliged 
to work under constant supervision and at reduced wages. 
While in some few cities drawing is taught in the common 
schools, it is an exceptional case where enough of the 
theory and application of projection is taught to meet this 
universal want of artisans ; while, as a matter of fact, 
no school-child of either sex can well afford to dispense 
with the peculiar discipline which is derived from instru- 
mental drawing and free-hand practice. A finished 
draughtsman must, for many years to come, be the pro- 
duction of special schools. Professor Thompson, of the 
Worcester School of Technology, says that — 

A boy who spends two hours a week in drawing and the rest of the time in 
workingat the Ijenoh, learns his business faster and becomes more skillful in it than 
one who works all the time, and he calculates that the productive efficiency of '^ 
ererj machine-shop would be increased thirty-three per cent, if erery journey- 
man could read any common drawing and work by it. 

Professor Ware, of the Boston Institute of Technology, 

says: 

'< Drawing is an invaluable element in a general education. To the workman 
it is of the greatest practical use. It makes him more intelligent and serviceable. 
If he attains to real skill in the use of his pencil, and develops the tastes and 
talents that cannot without this training be either discovered or made use of, he 
becomes a valuable person at once. Every branch of our manufactures is snfler- 
ing from the want of just this intelligence and skill." 

That technological schools adapted to the wants and 
standard of our workmen will do much to prevent and over- 
come labor troubles, is self-evident. Such troubles fre- Labor troubles 
quently occur through the inability of* the workman to tie to ignoraDco." 
understand the mutual relations existing between labor 
and capital. Dense ignorance makes men the easy and 



many Tloes. 
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ready tools of demagogues, while the influence of a few 
well-educated, thinking mechanics, scattered among a mass 
of workmen, is an invaluable nervine in labor agitations. 

That such training as is here advocated will also be a 
source of profit to railway corporations, by diminishing 
the tendency to dissipation on the part of workmen, and 
thus increasing their eflSciency in the shops and on the 
line, is easily demonstrable. It is not putting it too strong 
to say that ignorance is the great centre from which radiate 
prouflo Boorce of mtemperauce, coarseness, brutality, vice, conceit, arrogance, 

irregular habits, and almost every other trait of character 
that a good workman should not possess. An ignorant and 
unskilled workman can never be anything more than ^^a 
hand," often untrustworthy and troublesome to his employ- 
ers and to the community in which he lives, while an edu- 
cated laborer is a valuable citizen in any community, and 
likely to be the helpful adviser of those availing of his 
services. In both Europe and America many promising 
enterprises are rendered unprofitable by the bad character- 
istics of employes, and capitalists abroad are beginning to see 
that the surest remedy for this evil is the education of the 
laboring classes. In Chemnitz, Saxony, one of the greatest 
centres of European industry, where the standard of edu- 
cation among all classes, including the poorest, is excep- 
tionally high, there is a corresponding high standard of 
decency and self-respect among the laborers. Very little 
time is wasted through intemperance, and the workmen 
attend their tasks with great regularity. (Royal Commis- 
sion, Vol. I, p. 304.) The same kind of testimony comes 
from Windisch, Switzerland, and from many other places, 
where the employers look after the education of their 
laborers. It is claimed that in Windisch dissipation is not 
known to the managers of shops. (Vol. I, p. 273.) 
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Mr. William Anderson, a member of the Institute of 
Civil Engineers, and also of the Institute of Mechanical 
Engineers, says : 



Ignorance en< 



''When we established works in 1864, we used to hare great difficult j 
as regaids the driaking habits of the people, and we had great difficulty in 
managing them generally. Monday was a blank day, for instance ; but that is 
completely changed now, since the establishment of schools. The young men 
now engaged in the works, who have passed through the schools, are of a very 
different character from those we used to have. Instead of having letters from 
our men that we can hardly decipher, we get well-written letters, sensible in 
everv way; and this improvement in elementary education has improved the 
whole moral tone of the class from which our workmen are derived. We are 
getting a better raw material to deal with, and the voung men are beginning to 
show a desire for self -culture and self-improvement.'' 

It is not surprising that men whose intelligence is 
so little developed that they have no source of pleasure 
or enioyment withm themselves, should easily acquire ooaragesdiMipa- 

. •' "^ ./I Uon In workmen. 

habits of dissipation. The workman who is incapable 
of deriving enjoyment from useful reading and elevating 
thought; whose home is probably nothing more than a 
place to eat and sleep in, possessing none of the comforts and 
social attractions that emanate from culture, and whose asso- 
ciates are not of a type calculated to elevate or inspire him 
with aspirations to do something and be somebody, is handi- 
capped in the march of morality and civilization, and 
naturally falls an easy victim to habits of vice and dissi- 
pation. It is the universal testimony of managers of labor 
that the usefulness of workmen diminishes in proportion 
to the frequency with which they spend their evenings in Qoaiifles tor good 
places of dissipation. This is natural, for after a night or 
even an evening spent in such haunts, a workman must 
resume his work dissatisfied with himself and with his 
surroundings ; his brain will be dull, his hand unsteady. 
He will be irritable and unwilling to receive instruction or 
advice ; indifferent as to how he does his work, or, if he 
can escape the penalty, if he does it at all. Of course I do 
not mean to intimate that all ignorant laborers are dissipated 
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or predisposed by ignorance to vice, but it is an estab- 
lished fact that the mass of people who are vicious and 
dissipated are, if not wholly without mental training, 
mentally and physically unskillful, and that an educated 
man is not nearly so apt to indulge in dissipation as 
Culture suaran- au uueducatcd oue. A man whose mind has been culti- 

tees fidelity and 

enhances a work, yated as his hauds become skillful, finds enioyment in 

man's usefulness. ' •^ •^ 

his work; pleasure and profit in reading useful books 
and papers, and in innocent social pleasures of a higher 
type than can be found in bar-rooms or on the street- 
corners. His home, however humble it may be, is likely to 
be tidy, and to afibrd him an appreciable degree of comfort 
and enjoyment. Such a man is free from many tempta- 
tions, and the probabilities are strongly in favor of his 
leading a sober and useful life; which, of itself, is a 
guarantee of fidelity to his employer. Instead of diminish- 
ing his ability for efficient work he will, in all probability, 
when out of the shop, bestir himself in acquiring useful 
information and in taking that rest which nature demands, 
and which will enable him to resume his duties with effi- 
ciency and satisfaction to himself and to his employers. 
It follows, therefore, from this point of view alone, that 
the necessary result of educating laborers will be increased 
profit to the capitalist and the elevation and greater 
remuneration of the laboring classes. 

Trade schools, by providing useful and congenial employ- 
ment for the leisure time of apprentices, have an especially 
beneficial effect upon their future; keeping them from idle- 

Tbe advantnges j j- • i- • • ii_ • i/» i j 

of trade schools In ucss and dissipatiou ; increasing; their self-respect and 

educating and pre- r ^ a r 

SJuySf iJpreS^" ^OTsl toue and confirming them in studious and steady 
"^•' habits at a critical period of their lives. One of the 

greatest advantages that comes from operating evening 
schools^ or classes that require evening preparation of 
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lessons^ in connection with shops employing many appren- 
tices, is that such schools fix the knowledge and continue 
the habits of thought and mental application acquired in 
school-life, at a time when all previous school-acquired 
learning would otherwise become so indistinct as to exert 
little if any influence in forming or confirming in them 
tastes for useful work and enjoyment. 
Says Mr. J. Scott Russell : 

*' I am hopeless in the matter of educating the ' workingman ' who has grown 
up into mannood without education. For the meet part, such men are too old to' 
learn. I hare never seen, but exceptionally, much good come of trying to drive 
figures and geometrical problems, and mechanical theorems, and light and shade, 
into the head of a full-grown workman who had failed to get a good education 
when young. There have been brilliant exceptions— how brilliant ! how few!" 

I also quote again from Mr. Nystrom : 

" It is not expected, neither is it necessary, that the student shall become an 
accomplished mechanic, but thh object is to concentrate his mind on the work 
about which he is studying and calculating. When confined only to books and 
blackboards, his conceptions rarely extend any further. He acquires the knowl- 
edge by routine, as it were ; the study becomes tedious to him ; and when brought 
to bear on practice, the most simple problem may confound him. When a student 
is brought up in the combinea science and practice, however, he generally 
acquires a taste for work — ^good workmanship and proper proportions — and the 
application of his science becomes a pleasure. He studies mathematics at the 
same time he learns drawing ; physics and mechanics at the same time he makes 
his tools and models for machinery. His science is applied as fast as it is acquired, 
and he will never forget it. When a student is thus equipped for the journey of 
life, he is able to briug such phvsical laws into action as to secure success in all 
his enterprises. He will be able to record and report back to the institute his 
future experience, by which the most thorough connection may be kept up be- 
tween science and practice. 

" As things now stand, a man of most valuable information is not able thus to 
record his achievements ; in fact, he may not know himself the very laws of his 
success ; his experience and valuable knowledge die with him ; his toiling suc- 
cessor will reiterate his blunders, and gain new experience by a new series of 
expensive trials and errors." 

There are many other advantages that workshop schools ^^^^ .chooi* 
have over others. Easy access to machinery, and the {Ssf^Sufn o" **' 

j-i ta" J* ••! J xi_ 1 J • practical Utility. 

direct application of principles and theory learned m 
the school-room to work in the shops having a com- 
mercial value, would make such instruction practical 
in a high degree, while the tendency of the usual 
technological schools which use mechanical plant (gen- 
erally limited in quantity) for illustration and manual 
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exercise oBly, is toward the study of science, without 
regard to its practical application.* Workshop schools 
would also make it possible to bring science to bear upon 
mechanical pursuits in a way and with a power that has 
heretofore been impracticable, because thereby it is possible 
to have long-continued, closely inspected and carefully 
verified experiments bearing directly upon practical work. 
So great has the demand for learning become, and so numer- 
ous and diversified the occupations of life, that to be suc- 
cessful it is now necessary for men and women to specialize 
and expend their intellectual energies in particular fields of 
thought and investigation. In accordance with the prin- 
ti^n mSitbe*?pc^ ^^P^® ^^ ecouomy from division of labor, it is necessary 
aiizeii. ^jjj^j ^Yie same degree of specialization shall be applied to 

technical education. But no school, as such, can accom- 
plish what is needed in this direction that does not afford 
opportunity for practically applying the knowledge gained 
in class instruction, and the only way to accomplish this is to 
have schools intimately connected with, and under the 
management of, industrial coVporations.f 

*The great difficalty I experienced in getting tangible and conclusive evi- 
dence of the utility of workstic^ schools iibroiid arose from the degeneration of 
their original programs into purely theoretical instruction and the teaching of 
principles without applying them. I know of but one English school where 
any consistent efforts are made to apply school instraotion in the shops — that 
of Mather & Piatt, Manchester, whose teachers are employed in the shops and 
personally direct the theoretical int^truction of their pupils to shop-work. 
The absence of this combination of tht>ory and practice, under intelligent 
direction, constitutes the great weakness and seriously impairs the usefulness of 
such schools. To teach the principles of mathematics, physics, mechanics, 
machine construction and gearing, the formulae of chemistry, etc., without 
fixing those principles in the scholar's mind by illustrative experiments, the 
actual handling of apparatus, machinery and tools, is an impractical method of 
instruction which, as aforesaid, has in a large measure destroyed the usefulness 
of technological as well as of public schools. 

t In the October Century ^ President Oilman, of the Hopkins University, places 
himself on record in favor of industrial education, and formulates his views of 
what maybe done for its promotion in our educational institutions of every grade. 
Doubtless Eeiltimore would receive wise counsel and substantial aid from him 
and his experienced coadiutors in remodeling our school system so as to make it 
more nearly conform to the recognized needs of the city and ago. The Guilds o( 



131 

Trade schools are especially valuable for training the ^jTwi2*hS*yS!ng 
young of our industrial classes, because they are thereby hoSS'ShuVbiiLg"' 
enabled to earn a livelihood while acquiring theoretical "^^ * 
and practical knowledge, pari passu ; each supplementing 
and assisting the other. As no boy can well acquire the 
manual skill of a good workman except in the workshop 
(or in the field, so to speak), where all the details and 
appliances of a trade are regularly used, and where the 
methods and processes of that trade are to be seen on a 
business scale, so no boy can well acquire the theoretical 
knowledge pertaining to a trade where his attention is 
constantly distracted by material sights and sounds, more 
attractive to the young than mental application. We all 
know that scientific principles are easiest fixed in the mind 
in youth, and by the illustration and practice of rules 
in actual work, to which the responsibility of value 
attaches. When a boy can be got to comprehend the 
elementary principles of a science, he has put himself in 
the way of mastering that science in after years. But before 
he can make any solid advance in scientific knowledge, he 
must have a basic education such, for instance, as should 
be furnished by our grammar and higher public schools * 

London afford yalnable precedents and a wide experience npon which to found an 
intelligent and practical scheme of trade education ; and should the city show 
such a spirit of advancement, the Johns Hopkins University might be disposed to 
supplement it with a school of applied science similar to those of Harvard or — 
better, because more practical— of Cornell or Columbia. 

* He who has studied, reflected, learned and arranged his knowledge in system 
and order, is able to gather other stores of knowledge and add them to those 
already acquired. In order to knowledge, therefore, reflection is indispensable. 

The reflective faculties, we see, are eminently practical. They are not so much 
for speculation as for life. Not even the simplest work can be well done with- 
out them. The chief difference in all workingmen is that some put their brains 
into what they do, others do not. It is so with woman's work, too — with 
sewing, housekeeping, cooking. How invaluable is thought in all this, and, 
alasl how rare. That is why we say, " Let boys and girls in our schools be 
taught to think ; let them not be drilled so much in remembering as in reflect- 
ing; lay more stress on processes than on resnlts." There is an objection often 
urged against these higher reflective faculties in their exercise for common 
objects — ^that they give theoretical rules which are not practical. Thus, if one 
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Even where it is not deemed wise to inaugurate work- 
shop schools^ as such, much can be done by managers of 
railroads towards securing higher grades of apprentices 
and helpers, by fixing a proper standard of qualifications, 
to which all boys applying for service must, as a condition 
wisdom otre- precedent to appointment, demonstrate they have attained, 

quirlDs ot appll- *^ rr j j i 

SSSirVhigh"" ^^^ *^®^ requiring them to attend evening-class instruc- 
fl?a^?o'Sl ^' ^"*"" tion of a technical character, which can be maintained 

at trifling cost, or even to attend public evening schools. 

not actuallj engaged in teaching suggests any new view intended to improTe the 
processes of education, he is apt to be told tbat this is not *' practical." It is 
sometimes eren assumed that theory and practice are opposed to each other. 
We often hear it asserted that a notion may be ''true m theory, but false in 
practice" ; that is, useless for practical purposes. I, for one, esteem prac- 
tice. I trace all real knowledge to experience. I care for no theories, 
no systems, no generalizations, which do not spring from life and return to 
it again. Practice and theory must go together. Theory, without practice 
to test it, to verify it, to correct it, is idle speculation ; but practice without 
theory to animate it is mere mechanism. In every art and business, theory 
is the soul and practice the body. The soul without a body in which to 
dwell is indeed only a ghost, but the body without a soul is only a corpse. 
When the waterworks in my house get out of order I want a theoretical plumber 
as well as one who is practical. I want a man who understands the theory 
of hydrostatic pressure; who knows the laws giving resisting qualities to lead, 
iron, zinc and copper ; who can so arrange and plan beforehand the order 
of pipes that he shall accomplish the result aimed at with the smallest amount 
of piping, the least exposure to frost, the least danger of leakage or breakage ; 
and this a merely practical man, a man of mutiue, cannot do. The merest 
artisan needs to theorize— ». s. to think — to think beforehand, to foresee ; and 
that must be done by the aid of general principles, by the knowledge of laws. 
An intelligent man, a man of general culture, whose mind has been quickened 
with ideas, will often be able to show a mechanic how to do his own work. 
When we are young, we have a superstitious faith in the knowledge each man is 
supposed to have of his own bunness. We outgrow this after a while. If ^oa 
wish anything done about your house, send for a mechanic ; but overldok hun : 
do not leave him to himself. You will presently find that you can suggest 
something to him in his own work which he has never thought of. All success 
depends on practice, but all improvement on theory. Let neither despise the 
other. The saying that anything '* is true in theory, but false in practice,'* 
involves an impossibility. The theorr indeed may be plausible, but false, and 
then it will not work, and its not working is the proof of its lieing false. It is 
neither true in theory nor in practice. On the other hand, a theory which is 
true may not work at first, because the true way of workine it has not been 
found out. It is not false in practice, but practice has failed at first ; but you 
cannot say they were *' true m theory, but false in practice.** They had not 
been really put in practice. If anything is seen to be certainly true in theory, it 
will come right by-and-by in practice. Fulton's steamboat would not work at 
first, nor did Stephenson's locomotive, nor Daguerre's sun-paintingi nor Morse's 
electric telegraph ; and no doubt a great many people said, *' Oh ! that's true 
in theory, but false in practice."—/. F, Clarke in ** Self -Culture.** 



133 

The good effects that have followed such a procedure 
have been shown in preceding pages. Mr. Thomas Clegg, 
of Manchester, testifies in the same strain : 

" I have, from quite a hoj, attended and taught night schools, and seen a good 
deal both of the working and results of them, and ^lieve raj convictions have 
arisen partly from this, and in a great measure also from being a considerable 
employer of workpeople ; from fifteen years of age probably never having fewer 
than one hundred under my individual management. My two brothers and my- 
self have now probably not less than from 1200 to 1500 people in our employ. I have 
always maintained against all my friends that those parties that have been edu- 
cated in the schools that I have been connected with will always do more work 
for the same money and do it belter and with leas trouble than those that are not 
educated ; and I have always been in a position to prove it so." 

The system of examination of applicants for apprenticeship 
inaugurated by the Baltimore and Ohio Company nearly two 
years ago, was regarded as a hardship by many people, and Examiimtton of 

especially those who had uneducated sons they wished g^^^^JmiS? *'' ^' 
admitted to the Mt. Clare shops. They did not consider that 
with lack of intelligence is always combined an absence of 
ambition on the part of a boy to make anything more than 
an ordinary mechanic of himself; that much more time 
is necessarily consumed in teaching a trade to an unedu- 
cated boy than to an educated one ; that the former is not 
nearly so useful during apprenticeship as the latter, and 
that when he has acquired the manual skill of his trade, 
the uneducated workman will still be the less useful of the 
two, because lacking those valuable habits of careful obser- 
vation and systematic thought that result from scholastic 
training, and are hardly ever otherwise acquired. 

Upon the inauguration of compulsory class instruction 
at Mt. Clare, the same sort of protest was freely indulged 
in by opponents of the measure, who argued that corpora- .ttuK^J!? 7p-" 
tions have no right to compel their apprentices to attend o™w?^c.** 
evening school after a day's work, and that anyhow the 
results of compulsory attendance would be disappointing; 
for although boys might arbitrarily be compelled to attend 
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evening classes, they could not be made to learn against 
their will. The answer was made to such arguments that 
it is a common practice with firms and corporations else- 
where to compel the attendance of their apprentices at 
evening schools ; that where applicants for apprenticeship 
understand this to be a condition precedent to their employ- 
ment and yet accept it, there can be no injustice in enforc- 
ing the rule; that experience has shown that though 
boys may at first attend class instruction reluctantly, they 
usually soon become interested in their studies and unwill- 
ing to give them up, and that those who obstinately refuse 
to loam always turn out to be poor workmen, whose services 
are unprofitable and should, in the interest of the service, 
be dispensed with. The results of class instruction at 
Mt. Clare have abundantly demonstrated the correctness of 
this position. 
Influence of It may with much reason be expected that the good 

„^illed and edu- -t • r* i-i ti Ai i in 

cated workmen- resultmg from workshop schools will not be wholly con- 

iiDon other work- or j 

fined to their pupils, but that their influence will extend 
to the journeymen and others with whom the students 
associate. The educational influence of a number of spe- 
cially skilled mechanics upon the larger mass of workmen 
surrounding them will be great ; their superior skill and 
zealous interest will inspire those who witness it with a 
desire to improve, and this influence will spread and per- 
petuate itself. That the industrial interests with which 
they are associated will be promoted by their correct and 
accurate methods cannot be doubted. 

While the reasoning and illustrations, in the preceding 
paragraphs refer especially to mechanical pursuits, they 
apply with equal and in some respects with greater force 
to other branches of railroad service. 

In short, I thoroughly believe that the greater eflSciency 
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which a railway would soon secure over its entire system ,nJ^oy22^^ftii- 
through the study and application of scientific and economic JS,!? iJ^JS^stoSLt 
principles having a direct bearing upon its various depart- 
ments, would make a technological school specially de- 
signed to meet its requirements far more profitable than 
any other investment of the money that would be required 
to conduct it* As our railroad shops are now conducted, 
there is little or no systematic instruction of apprentices, 
and, as a rule, it would be difficult to find in such shops 
foremen capable of giving scientific instruction, even if 
they had the time and inclination. But through the 
agency of such schools as herein described our shops would 
eventually be supplied with competent foremen, and a spirit 
of progressiveness and healthy emulation would gradually 
permeate the whole service. I do not doubt but that if 
our American employers could be brought to realize the 
value of such schools, they would follow the general 
European custom of requiring, as a condition of indenture, 
that apprentices should attend shop or other nis'ht schools, ah apprentices 

/^^ . \ . ° . ' should be/equtred 

and this simple requirement would result m a practical ^ ***«'** •o>»o^»- 
educational movement the beneficent efiect of which upon 
the nation's industries and prosperity is now incalculable. 

* Answer! njir ^7 letter an inqnir j Mr. Goler roade of him concerning the economic 
▼alue of workshop-school facilities to railroads. General Manager Webb, of the 
London and Northwestern Railroad, whose shops are at Crewe, among other 
things sajs : 

"The provisions under this head (theoretical workshop instruction) are ver^ 
much appn*ciHted, as you will doubtless notice by referring to the Annual 
Report which I had the pleasure of handing you when here. 

" With regard to the economic results, there is no doubt that the railn^ay 
company, by supporting such an institution, are able to retain the services of 
thoughtful, steady men in their employ, not only for their own sakes, but it 
supplies an educational medium for their boys ; and, also, the theoretical instruc- 
tion imparted, if only to the comparatively few, must have some effect on the 
intelligence in the shops, which has been found to be the case. Many of those 
who have received instruction in our classes have, through their application, been 
intrusted with work in the engine-worlcs requiring mental exercise who would 
otherwise have been still at the bench. 

'* This, I think, is, in an economic view, an advantage to the employers, as it does 
not necessitate their going outside, and consequently giving high salaries to 
persons required for such employment.*' 
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Railroad bust- In the preceding pages of this section it has been shown 
min^ement? that, while, in its early history, the railroad business of 

this country was conducted with fair results by oflScers 
and employes who, of necessity, had no previous technical 
training or experience, but who absorbed practical knowl- 
edge as the business expanded, it has now grown to such 
vast proportions, both as regards its physical operations 
and its executive management, as to call for great skill, 
thorough training and broad experience in its operating 
officers and, in a less degree, also in the rank and file 
from which they are drawn ; while of its executive, ad- 
ministrative and traffic officers it demands a varied and 
comprehensive knowledge and executive ability fully 
equal to what is needed to secure success in any other 
profession. It has also been shown that, generally speak- 
ing, our railroad officials have reached their present posi- 
tions through successive promotions in grade, as the result 
of long experience and service ; which, however, was ac- 
quired at the expense of culture equally necessar}' and 
important in, at least, those who come in contact with the 
public. Also that in the active competition between rival 
corporations, those which earliest recognize the necessity 
for high-grade talent, and provide accordingly, secure 
direct and material advantages over those that do not. 

Progressive pro- On thc ninetieth page of this report I expressed the 

motion In railroad -i i 

?n*di?^iv!i^*r%i d®^^^® ^ ^^ t*^® Baltimore and Ohio Company which, 
'"***• admittedly, holds a progressive position among American 

railways in respect to its treatment of employes, inaugu- 
rate what is familiarly known as a civil-service policy — 
believing that thereby it would secure greatly increased 
efficiency and net results. Since penning that paragraph 
there has been brought to my attention an article in the 
Railway Review of October 25, 1884, on the subject of 
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PROGRESSIYE PROMOTION BASED ON QUALIHGATION AND MERI- 
TORIOUS SERVICE, AS WELL AS ON LONGEVITY, which 80 fitly 

supplements what has been said respecting the education 
of railroad apprentices and employes of higher grade, and 
rounds ofi* this section so harmoniously, that I quote it at 
length. In my judgment, however, it would be a fruitless 
task to undertake to inaugurate such a system of progres- 
sive promotion among the rank and file and subordinate 
ofScers now in our service, — the basic material for such a 
program not existing therein ; but I think that the system 
of technological instruction of apprentices and railway 
cadets inauguarated by your circular of January 15, 1885, 
if carried to its logical sequence, would soon develop that 
material in abundance. 

The knowledge and ability with which railroad officials of to-day perform the Extract from 
many responsible duties that now devolve upon them are mainly the result of long ff^^}^ on promo- 
experience in the service. Such knowledge as this cannot be acquired from merttoSrious ser- 
books (useful as good books are to every man) ; the railroads cannot look to any r\e«.— Railway Re- 
institutions similar in nature to law schools or medical collefres to furnish them ^^^» ^^ ^* ^^^• 
the necessanr supply of competent and efficient officers. Without the slightest 
desire to reflect lu any wa^ upon colleges or technical schools, it is maintained 
that but a small proportion of railroad officials or employes (excepting those 
connected with the engineering department) now or in the future will have more 
than a good common-school education [unless given by railroads themselves]. 
The time necessary to secure any better school-ednoation than this can probably 
be spent to better advantage in obtaining that knowledge of details that can only 
be acquired by actual service in minor positions. 

Accepting the foregoing as correct, it can be safely assumed that the railroads 
will have to look to their own ranks for their officers of both high and low degree. 
If this is so, it is clearly to the interests of the railroads to do all they can to 
elevate the standard of railway service. 

So much for the general railway service of the country. And now to come down 
to the relations that should exist between the individual railway companies and 
their emploves. 

If the railway officials of the country must be taken from the lower erades of 
service, and it therefore is to the interests of the railway system to endeavor to 
keep the supply of competent men equal to any probable demand, is it not judi- 
cious for every railroad company to have among its own employes trained men 
who are familiar with its own peculiar mode of management, m order to meet any 
emergency which may arise f 

The foregoing has not been written simply to show that it is to the interest of 
the railway companies to do all they can to promote the efficiency of the service, 
but to demonstrate that there is a certain identity of interest which should act 
as a bond between them and their employes, securing to one faithful service and 
to the other considerate and equitable treatment. The interests of the two are 
so closely allied that any permanent benefit to one of the parties must necessarily 
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be to the advantafre of the other. It is to the advaiitage of the rsflroad com- 
pany that its employes should serve it faithfully ; it is to the adyantage of the 
employe that his services should be considered valuable. But, to stimulate the 
ambition of any man, an incentive is required. No roan will specially exert him- 
eelf or endeavor to increase his usefulness to his employer unless he feels satisfied 
that at some time he will reap some reward for his increased exertions. Why 
should he ? As a matter of fact, without such assurance his services are more 
likely to deteriorate ; he will perform his duties in a perfunctory manner, per- 
fectly satisfied so long as he escapes dismissal. But, on the other hand, let him 
see that his initial efforts at improvement are recognized, and he is stimulated to 
still greater efforts. 

The railroad service is like an army : while every private cannot, of course, 
become a general, if he is entitled to promotion by reason of his personal merits 
he should be made a corporal, at least, on first opportunity, or in some other 
way receive due recognition for his meritonous conduct. Again, every recruiting 
officer likes to secure fin^t-class recruits ; but to do this he has to show that the 
service for which he desires to obtain their enlistment possesses special attrac- 
tions. Now, considering the railway service to be like an army, in what way 
shall it show Its appreciation of meritorious conduct of its employes, and what 
special attractions must it present iu order to secure the enlistment of first-class 
material ? 

Permanency of employment is what every workingman desires. Therefore, 
every employe should have good reason for feeling confident that so long as he 
performs the duties of his position in a conscientious and faithful manner he is 
secure in his position ; that he need have no fear of disnii.<sal excepting for 
good and sufficient cause. What the railroad companies should endeavor to 
impress upon the minds of all employes is, that in entering the railway service 
they have adopted a permanent occupation in the same sense as a physician or 
lawyer adopts his particular profession— «s a life-work, in which, under ordinary 
circumstances, he must expect to attain whatever success in life it may be his 
good fortune to hsve allotted him. As far as practicable, officials should dis- 
courage the employment of any one who is only desiring to secure temporary 
employment, while awaiting a more auspicious opportunity for engaging in some 
other pursuit. This class of men are of no practical benefit to the service, as 
they have no desire to become ac(]uainted with the businera ; and if they had, 
would be likely to leave the service before they had acquired even a limited 
knowledge of their duties. 

However, to induce any man to enter the service with the intention of making 
it his business during life, something beyond the mere fact that he will probably 
have permanent employment is needed. He must not only feel assured of per- 
manent employment, but he must also be satisfied that he will be likely to better 
his condition as he becomes more familiar with the business, and when, as a 
natural consequence, his services are more valuable. Any bright and intelligent 
young man, full of energy and sanguine to the highest degree, is very likely to 
think that if his first position in the service (which, in consequence of his lack of 
experience and technical knowledge, must be a minor one) is ta be the one in 
which he is likely to remain for a long period, and that he stands but a slight 
chance of advancement, whatever his merits may be, he had better start in some 
other business which presents better promise of future personal advantage. In 
his inexperience of the vicissitudes of life, and his unlimited self-reliance in his 
own natural ability, he is fully convinced that he is predestined to attain success 
in gomeihing, although he has but a very hazy idea of what that something is to 
be. But let him have reason to believe that there is a very fair probability of 
his securing advancement in the railroad service, if he is willing to work for it 
and merit it, and in his confidence in himself he will be willing to enter the 
service and anxious of having an opportunity of proving his ability. 

For these reasons — ^to encourage present employes and to attract the right 
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kind of material to the servioe^it is very desirable that all raoancies that may 
occur ill any company's service should be filled, as far as practicable, by the 
promotion of worthy employes from lower positions, instead of {giving the posi- 
tion to any outside party, or to some favorite of the higher ofiBcials. Let it be 
fully unilerstood by any company's employes that all vacancies will be filled 
from their own ranks, and that no favoritism or partiality will be shown, the 
appointments being made on the strict merits of each particular case, and the 
result will in all cases be beneficial. Of course, even when the vacancies are 
filled in the way suggested above, there will be more or less dissatisfaction on 
the part of certain disappointed employes, who think that they are the best 
entitled to the promotion; still, if the promotion is justly made, this will be 
soon recognized by all the other employes, and will have the effect of securing 
for the railrotul management the confitleiice and esteem of its subordinates. 

It must be admitted there are often cases where, in order to secure some par- 
ticular party who is exceptionally qualified to meet the requirements of the 
position in which the vacancy exists, it is necessary to go outside of the com- 
pany's own staff to make the appointment ; but, while this for a time will cause 
considerable feeling, if the appointee possesses the special qualifications with 
which he has been credited, the fact will eventnally bcK^ome so patent that even 
the greatest soreheads will have to admit the wisdom of the company's action. 
However, cases like the one just mentioned are comparatively few; and if each 
company will make the proper efforts to increase the efficiency of its own 
employes, they will become still fewer. 

While it may be impossible to lay down a fixed mle as to how promotions 
should be m»ide which would apply to all cases and that would be just under all 
circumstances, a general outline of some of the principles which should govern 
can be given. Mere length of service caimot lie taken as the only consideration 
which should determine what employe should be appointed to fill the vacancy; 
although, everything else being equal, seniority of service should have the 
preference. It is an undoubted fact that all men do not possess the same natural 
ability, and do not acquire a thorough knowledge of practical details with equal 
facility ; and it is therefore often necessary, in order to do justice to the interests 
of the employer, to promote one man over other employes whose term of service 
has been much longer than his. The equity of this must be admitted bv every 
one who is willing to view matters in their proper light, and so long as the pro- 
motions are fairly made from the ranks of the employee, they will not, or at least 
should not, complain. 

Let any company adopt this policy, and select its engineers from its best fire- 
men, conductors from brakemen, station agents from clerks, track overseers 
from section men, and so on through the different branches of the service, and 
its general officers from officers of lower grades, making each appointment 
pnrely on the plain merits of that particular case, and it will have mlopted a 
policy that cannot fail to result in a permanent elevation of the standard of all 
grades of employment : which fact will be fully proven by the consequent in- 
creased efficiency of the management. 



TECHNICAL nTBTBTTCTIGH IS THE BALTIMORE AHD OHIO 

BAILBOAD 8EBTICE. 

The commercial success achieved by the Baltimore and saooess of b. & o. 

, Co. achle¥od de- 

Ohio Railroad Company has in no sense resulted fro™ u^'^i'SJaSSSSloa 
the superior skill or intelligence of its subordinate °' **" '*°*'*'* "*** 
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officials, or of the rank and file in its several depart- 
ments, but rather in spite of their deficiencies and through 
the force of character and capacity for afiairs of its 
executives and stafil It is interesting to speculate upon 
the greater results that might have been accomplished 
had the executive ability, energy and money expended to 
secure its present position been supplemented by a corps 
of officers and operatives whose general education had been 
of a high order, and had been supplemented by technical 
training such as makes original thinkers. 

In the B. & 0. service there are now more than 24,000 

operatives- The rapid extension of our lines, and the more 

mMhSi<Saoper2l* *^^^ Correspondingly rapid development of the Company's 

tions. business, will make it necessary to largely increase this force 

from year to year. Referring to what has already been said 
on the subject of railroad companies manufacturing from raw 
materials, I invite your attention to the fact that of this 
force, about 8,000 men are engaged in the transformatix)n of 
crude materials into rolling stock and other railway appli- 
ances or in their repair. I assume that the present policy 
has been found wise and satisfactory, and that the Company 
will hereafter do a still larger proportion of its own 
manufacturing and continue to do all its repairing. Under 
these circumstances the improvement of our mechanical 
force, as well as of the machinery in our shops, is a subject 
well worthy your most earnest consideration. 

The fact is that the Baltimore and Ohio Railroad Com- 
Expiains why the V^^Y ^^ heeu peculiarly fortunate, in the sense that the 

rftQk and file ofB. i_*i»ij.» /»*x • x ji_ i. i_ 

& o. R. B. have lees geographical isolation oi its mam stem and branches has 

education than .ii 

othSr'ro^s' '^^^ rcsultcd iu the gradual formation of a corps of operatives 

who, by descent, tradition and personal attachments, may 
be said to belong to the Baltimore and Ohio. These 
people are »ui generis. From their earliest youth they 
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looked forward to an active participation in the operations 
of the road as a means of livelihood^ and all their aspira- 
tions and ambitions are associated with its service. This 
condition has been fostered by the custom, which for many 
years had the force of unwritten law, and which at the 
inauguration of the Relief Association was enacted into 
corporate law, by the official pledge of our President and 
Board of Directors to regard the children of meritorious 
employes as entitled, by right of their parents' faithful 
service, to priority of appointment, other things being 
equal, to all positions in the Company's gift. This promise 
has been reiterated and confirmed by yourself, by giving 
exceptional privileges to the families of employes, such as 
reduced rates of transportation, recognizing their applica- 
tions to fill helpers' and apprentices' positions at all points 
on our lines, free tuition in the preparatory classes at 
Mount Clare, etc., as well as by your contemplated action 
in connection with the Mount Airy Home. Undoubtedly 
all this has resulted in creating and maintaining a corps of 
operatives of exceptional devotion and loyalty, and has in 
many other ways advantaged the service ; but it has also, 
in some ways that were unforeseen, proven prejudicial to 
the Company's interests. For example, it is well known 
that the inhabitants along our main-stem divisions are dis- 
gracefully destitute of educational facilities, and this, 
coupled with the aforesaid sense of proprietorship in all 
minor positions in the service, with the prevalent idea that 
any education or knowledge beyond the bounds of his trade 
is of no practical use to a mechanical workman, and that 
an uneducated boy makes just as good if not a better 
mechanic than one who has an education, has created an 
indifference as to whether their children get even such 
elementary instruction as may be at their command, and 
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is fatal to the future of boys, especially ; who, inheriting 
the same pernicious belief, combine with it a natural dis- 
position to have a good time when the day's work is done. 
It was an understanding of this condition of affairs that 
prompted Mr. Cowen to make the appeal quoted on the 
first page of this Report, and that finally led to the 
establishment of the preparatory school at Mt. Clare. 

For several years prior to the issuance of your circular 
of January 15, 1885 (Exhibit A), the claims of each appli- 
cant for apprenticeship and helpers' places at Mt. Clare 
had been passed upon by a board of high and intelligent 
oflScers of the Company, and those selected on the score of 
BeeuitB of inyes- fituess and merit, as well as to reward long and faithful 

tlgatlon Into eda- ^ ° 

Sk»M°oVB ."& aTp. service of their parents, were supposed to have materially 
prenticesm IMS. ^levatcd and leavened the younger element in the Mt. Clare 

shops — and, so far as I have learned, had done so. Yet, 
when I inaugurated a series of examinations not more diffi- 
cult nor more technical than those which test the fitness 
of children to enter the grammar schools of most of bur 
Northern cities and towns, it was ascertained that out of 
one hundred and forty-seven apprentices then in service, 
not one was able to pass those examinations, even after due 
warning and reasonable preparation. These examinations 
(the character of which is indicated by questions given in 
Exhibit X) developed the fact that a majority of our appren- 
tices could not have entered an intermediate public school in 
— say — Washington, where the standard is certainly not too 
high; and yet the education of our Baltimore apprentices 
may, with reason, be assumed to be higher than that of the 
other apprentices scattered among the shops along our main 
stem and its branches, where school facilities are meagre and 
unsatisfactory. Our service is filled with men who must 
have been boys of just the type I have described, and I 
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think you will not fail to perceive the gravity of this 
statement, upon recalling the testimony heretofore pre- 
sented of the serious loss and other disadvantages of 
employing ignorant labor, and reflect upon the further 
fact that, where tastes for reading and study are not 
cultivated in youth, they are seldom acquired in later 
life by those engaged in manual occupations. In proof 
of this, I cite the fact that, though there is a commodious cilre^mp^litiio 
library and reading-room at Mt. Clare, fairly equipped SJJuuie'IfaJlhoir'"^ 
With works on science and industrial mechanics, and 
where all the important scientific journals are displayed 
for the especial benefit of our employes, the record 
shows that, during the past year, out of an average of 
3,000 workmen at Mt. Clare, fewer than 60 visited the 
library at all, and fewer than 15 utilized these journals ; thus 
conclusively showing that they have not sufficient educa- 
tion to appreciate these valuable means of further im- 
provement. Outof 16,120 books circulated during the year, 
but 1,81 6 were of a strictly educational character, and they 
were almost exclusively drawn out by young men and boys 
attending our class-instruction. A very careful canvass 
last year demonstrated the fact that among this great 
mass of labor only one man subscribed to a technical 
journal, and that man was an ordinary mechanic. A 
logical deduction from this record is that our people have 
little or no knowledge of current improvements or of the 
results of scientific investigations of mechanical subjects 
and, as a rule, they only know methods crude and generally 
obsolete elsewhere, and observation confirms this. 

If the foregoing statements satisfy you — as I thoroughly 

believe myself — that it would have been greatly to the Necessity or edu- 
•^ o ./ eating B. k o. em- 

ad Vantage of our company if not only its apprentices and gy'*Jro»ont^d'* 

journeymen, but also many of its officers, had received a wDiuSS!*^*^ "* 
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scientific education, or at least a liberal technical training, my 
object will have been accomplished, and it will only remain 
for me to point out that what is true of the past has greater 
force as regards the future, by reason of the extensions 
and expenditures that are so rapidly expanding our system, 
and to suggest such a program for technological instruction 
in our service as will commend itself to your judgment. 

TECHHOLOGTCAL SCHOOL AT UT. CLABE. 

On the 15th of January, 1885, you issued an Executive 

Order (No. 6) providing for the school-instruction of, the 

History of tech. apprentices at Mt. Clare and other Baltimore and Ohio 

nlcal iostractlon * * 

at Mt. Clare. flhops iu Baltimore (Exhibit A), and making an appropria- 
tion for that purpose. 

Prior to the establishment of school-work at Mt. Clare, 
the Baltimore and Ohio apprentices had neither incen- 
tive nor opportunity to develop into intelligent work- 
men, so that on starting the classes it was with great dif- 
ficulty and only by absolute compulsion that the attend- 
ance of about forty shop-boys was secured. They were, 
with few exceptions, rude and almost unmanageable in 
the class-room, uninterested in the instruction, and scarcely 
able to await the hour of dismissal, when they would 
vacate the school-room rudely and in haste. Then the 
class-instruction was confined to the most elementary sub- 
jects, and the boys were unable or unwilling to read 
technical or scientific books with any show of profit. Now 
there are under school-instruction seventy-five as orderly 
and polite boys as are to be found in any high school of 
the country, and among the very best of them are boys 
who a few months ago were conspicuous for rudeness and 
insubordination. We have had classes of apprentices in 
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geometry, algebra, physics, locomotive engine, mechanics, 
mechanical drawing, free-hand* drawing, geometrical draw- 
ing, English and history, and a valuable method of in- 
atruction by special reading, selected and recommended 
by the teachers to each pupil, with special reference to his 
talents and the state of his education.* 

* Baltimobb 'AND Ohio Tbchnologigal School CiBcuLAft, 

WHAT TO BEAD. 
Baltimobb AiTD Ohio Emplotis' Free Cxbculatiito Librakt. 

** Beading nmlLet a fall nkan." 

This list is intended to suggest books thst'niAj be read with interest and profit 
by the students of the Technological School during the summer months. 
Other employes may, howcTer, use the list to good advantage in choosing books 
for themselves and their families. 

It is desired that all apprentices in the school should report, when the school 
opens in the fall, how many and what books they have read. 

It may require an effort to become interested in some of the books named on 
this list, but they will, any of them, amply repay a careful and thoughtful read- 
ing, while the effort and application that are required will constitute a 
wholesome mental discipline. The beet way to become interested in a book that 
at first seems dry is to read some in it every day. If, however, after giving 
it scYcral days' trial yon fkil to get interests in it, you had better return it 
and draw another book ; but be sure not to give up too soon. 

The best way to profit by what one reads is to read little at a time, but to 
read often and think much. It is an excellent plan to take notes of what you 
read. 

BOOKS OP KBCHAXIO AET8 AND TBADBS. 

Locomotive-Engine Driving; Model Locomotive Engineer ; Locomotive*En^ne 
Running ; The Locomotive ISngine ; Catechism of the Locomotive ; American 
Locomotive Engines ; Hand Ba>k of the Locomotive ; Practical Steam Engi- 
neer's Guide ; The Steam Engine ; Catechism of the Steam Engine ; Steam 
Boiler Explosions; The Boiler Maker; Use and Abuse of the Steam Boiler; 
Pattern Maker's Assistant ; Mechanic's Tool Book; Workshop Manipulations; 
Brass Founder's Manual; Manual of Wood Carving; Wood Working Tools; 
Complete Practical Machinist ; The Young Mechanic ; Slide Valve and Link 
Motion ; Boad Master's Assistant ; Electro Magnets; Dynamo-Electro Machinery. 

BOOKS OP INTBNTIOH, 

Great Facts, a Popular History of the Most Kemarkable Inventions ; Indus^ 
trial Biography : Iron Workers and Tool Makers, by Smiles ; Edison and His 
Inventions ; Life of Richard Trevithick, with an Account of His Inventions ; 
Growth of the Steam Engine. 

BOOKS OP 8CIXKCB. 

How Plants Grow ; Cook's New Chemistry; Wonders of Science ; or. Young 
Humphrey Davy ; Manual of Assaying ; Forms of Water ; Faraday as a Dis* 
coverer; The World's Foundations; Geological Sketches; Lessons in Physics; 
Telegraphy in Theory and in Practice ; Light and Electricity ; Wonders of 
Electricity ; Lessons in Electricity ; Earth and Man ; Volcanoes ; Health and 
Good Living ; History of a Mouthful of Bread ; The Art of Prolonging Life. 

Note, — Similar lists on History, Biography, Travels, etc., etc., have been 
furnished scholars from tinie to time^ 
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Revolution In Last year, as a rule, we had to compel boys to take up 

conduct of sppren- J ^ y ^ ^ it 

ciSttnswSction. algebra and geometry ; at this time many are promising 

promptness, regularity and other inducements to secure 
admission to those classes, and a number have become so 
urgent for higher science and mechanical studies (which 
the limited appropriation now at our disposal prevents us 
from inaugurating) as to create some embarrassment on 
our part, and some discontent on theirs.* 

Many of these boys regularly spend their noons study- 
ing works in science and mechanics, going from shop to 
shop and from machine to machine, studying the princi- 
ples involved in their construction and operation. Every 

EachexAmina- ^ o 

beueV"eremeSurito examination for apprentices brings in a better class of ap- 
the aervice. plicauts ; as the result of which the standard upon which 

admission to the service is predicated is being gradually 
raised. 

I have used this home illustration to show that, while it 
is true you cannot force a boy to learn (for education is a 
growth that comes from within, and no amount of compul- 
sion or outward pressure can directly force profitable 
Besuite of com- rcsults), yct, whcrc iustructiou is intelligently conducted, 
SSL*S7alrpMnticc6 voluntary interest on the part of scholars and speedy 

improvement are almost sure to follow. The rapid ad- 
vancement of the apprentice class at Mt. Clare, in point of 

* This is partly due to the fact that the classes in mechanics and physics are very 
interesting, and many apprentices who were not allowed to enter them until they 
acquired a certain perfection in algebra and geometry, have been promised 
technical and ^ientinc class-instruction next year if they achieve that proficiency; 
We have had no trouble in interesting boys in drawing, because they, in com- 
mon with other workmen and the foremen at Mt. Glare, recognize its direct help 
in their trades, and a strong sentiment at Mt. Clare has always favored that 
department of the school. The same sentiment is just as strongly against the 
teaching of mathematics, pure science, etc., doubtless because the direct influ- 
ence of such studies upon their interests is not perceived. When, however, 
mathemntical and scientific studies are associated with class-instruction in such 
technical subjects as the locomotive engine, steam, workshop appliances, methods 
of working iron and steel, and kindred subjects, an immediate interest and appre- 
ciation is develop^. 
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ability and willingness to sacrifice pleasure to strict appli- 
cation to study, is very marked, and sufficiently proves the 
foregoing assertion. This instruction, though more general 
and less connected than would be desirable under a per- 
manent organization, has, in a marked degree, promoted a 
sentiment of regard for and interest in knowledge of the 
principles upon which mechanical work is based. Many 
who previously were content to know how to do things, are 
•now inquiring into the reasons for what they are doing. 

It is not, however, to be understood that the foregoing 
statements apply to all the apprentices who were in our 
service in Baltimore at the inauguration of instruction at 
Mt. Clare, or that the present classes are wholly composed 
of such apprentices. Of those boys examined under your 
order of January 15, 1885, only 40 were found amenable pwSticMfounT 

Tiji-.T 1 «»«ii jij'ii. amenable to dl»cl- 

to school-disciplme and sufficiently grounded m the common nme and iMtruc- 
English branches to justify the hope that, with such 
further academic training as our facilities afforded, they 
could profit by the proposed technical course to the extent 
of even qualifying themselves for graduation as mechanics ; 
while, as aforesaid, not one of this large class of appren- 
tices possessed sufficient elementary knowledge to permit 
of his entering upon the higher studies necessary to qualify 
him for an officer's position in the service. It being 
thus manifested that we had no material from which to 
manufacture efficient officers, nor were likely to acquire 
any under the then existing system, a general order was, ^ yiauons 
at my instance, issued by the General Manager, promul- 5J^*°*r?i™cM 2? 
gating regulations for the future admission of apprentices, "®^^**^' 
and prescribing the minimum qualifications of candidates ; 
which, while neither onerous nor of a high grade, pro- 
vided a sufficient foundation for the technical instruction 
necessary to make a fairly educated mechanic. In the 
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imS^cuwJIm '"'^ ®^°^® general order (which had your personal approval) 
been couducted. ^j^^ Uues upott which it was then and is still proposed to 

conduct the educational work at Mt. Clare were defined in 
general terms, though no provision has ever been made for 
commencbg the higher instruction therein contemplated. 
This general order is quoted in Exhibit U. While, owing 
to the exigencies of the service, it has not always been 
found expedient to reject all applicants for apprenticeship 
who failed to pass satisfactorily the preliminary examina- 
tion, all recently appointed at Mt. Clare have been sub- 
jected to this ordeal ; the result being that the new ap- 
pointees are far more intelligent, better educated and 
generally come from a better class than perhaps had ever 
before been admitted to your shops. For the reasons above 
given, this course has been almost prohibitory to the sons 
of old employes, only 32 of whom, out of a total of 96, have 
passed the examinations since March, 1885. The immediate 
efiect of this is that our employes are beginning to realize 
that the present is to be a permanent policy, and under this 
stimulating knowledge they are much more generally than 
formerly compelling their sons to attend school. As afore- 
said, the mere public^ announcement of the proposed tech- 
nological school at Mt. Clare attracted to our monthly 
examinations a very superior class of young men, many 
of whom, having entered under the apprentice regulations, 
are now prepared for the cadet course as soon as it is 
inaugurated. 

The capacity and the elementary knowledge possessed 
by the individual members of a large class of boys collected 
under such varying conditions as those narrated above, 
differs very grJttly in degree, and it therefore became 
a serious problem how to arrange their studies so as to 
bring them under general class-instruction. It was clearly 



Prellmtnarr ex- 
amination prohi- 
bitory to unedu- 
cated sons of em- 
plojee. 



Emternusments 
attending claes in- 
struction. 
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futile to expect any material advancement in scholastic or crtiSTifflc^icy ot 
technical knowledge of the mass of apprentices then in the SiiSfffng^MiS^ 

• -i^r -ii*i • ± A ikte class Instrac- 

service, and yet where so much matenal was gomg to waste tton for different 
it was our evident duty to attempt to enhance its ultimate 
value to the company ; therefore, the course of instruction 
was framed with special reference to its practical utility in, 
first, advancing the entire force of apprentices within 
reach of its influence in their several mechanical pursuits ; 
secondly, in advancing the theoretical instruction (as 
far as might he practicable with the limited means at 
hand) of such apprentices as past examinations had shown 
to be possessed of sufficient common-school education to 
justify the hope that, without additional school-training in 
academic branches, they could be educated to the standard 
of good officers or, at least, of first-class mechanics ; and 
thirdly, in giving such special instruction of a higher 
character, as our means afforded, to those who, entering the 
service under the new order of things, were found suf- 
ficiently advanced to receive it with profit. 

It was deemed of paramount importance that, so far as 
might be practicable, the work of the school should have ^irectbeann of 
a direct bearing upon, and an immediate c6nnection with, S'^^S'rtop'^Srt "* 
the various duties in the shops with which those under in- p*'*™^"''*- 
struction were or might be charged. Realizing how 
materially the value even of an otherwise uneducated 
mechanic is augmented by facility in making and reading 
working drawings, an efibrt was made to give systematic 
instruction in drawing to as many apprentices as our limited 
number of teachers and small class-space permitted. I 
have already reported that this part of the teaching was 
well received and has been measurably successful ; about 
60 boys taking two drawing lessons each week, aggregating 
eight or nine lessons per month; and this alone cannot 
fail to increase their usefulness to the Company. 
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It was a simple matter to provide for such academic 
instruction as it was deemed expedient to give apprentices, 
and also for the examination of those wishing to enter the 
service, but very difficult to devise a satisfactory yet 
efficient plan of shop-instruction which, while bearing 
Difflouuy of com- directly upon the apprentices' daily duties, should not 
shop iDBtruction couflict therewith. As the result of repeated conferences 

wlUiout conflict of *^ 

auihoritj. ^£^j^ ^.jjg General Manager and the heads of mechanical 

departments, a series of regulations was formulated, defining 
the jurisdiction of the technological instructor and the shop 
authorities respectively over apprentices, and promulgated 
by the General Manager (Exhibit V). This order was 
measurably effective, though, as was to be expected from 
a dual authority, opposition was engendered, and the in- 
structors have not received such cordial support from some 
of those immediately in charge of the mechanical opera- 
tions of the shops as would have made their labors 
effective in the highest possible degree. If you conclude 
to continue technological instruction at Mt. Clare, this 
phase of the subject will need further careful considera- 
tion and revision. 

It is not an* easy task to present novel educational 
methods through the medium of reports which cover a 
limited experience; while many beneficial and potent 
results cannot be shown at all by such means. In fact, 
though we see that education afiects people morally, 
mentally and physically, and that where intelligence 
abounds there are prosperity, general contentment and 
Reports of In- happiuess, — while superstition, perversity and dissipation 

structors on school , , , 

work at Mt. Clare, are thc haudmaideus of ignorance, — it is one of those in- 
tangible things which, though potent in results, is not to 
be measured by any material standard. Still it is very 
necessary that you and others who may be called upon 
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to conBider fhe expediency of continuing and enlarging 
this instruction, should thoroughly understand what has 
heen accomplished by the expenditure already made, and 
perhaps I cannot give you this information more accur- 
ately than by referring to the reports of the several in- 
structors, covering the entire period of instruction at Mt. 
Clare, and they are accordingly appended to this report as 
Exhibit W. 

I think the facts shown in that Exhibit and in Exhibits 
U and V will convince you, or any other fair-minded man, 
that, despite the difficulties inherent in the undertaking 
itself; the misunderstandings and, in some cases, the out- 
spoken opposition of some of our shop officials, and the 
educational deficiencies of the boys who were first brought 
under school-discipline, much absolute good has been 
accomplished by the tentative instruction at Mt. Glare, _ 

^ *f ' Money approprl- 

and that your appropriation has been well expended, with JJSJ^?w?u s^iJt 
substantial benefit to the service. Had the school re- 
ceived that hearty co-operation and encouragement it 
deserved, the results would have been more tangible 
and far more valuable ; but quite enough is set forth in 
these reports to prove, without the aid of testimony or the 
cogent arguments cited in the preceding pages, that this 
plan of technological instruction would, if elaborated and 
permanently established, be productive of economic re- 
sults. 

Your attention is especially invited to the dozen draw- 
ijigs accompanying this report, which are the work of 
regular apprentices, all of whom, with one or two excep- 
tions, have entered the service since the school com- 
menced, and most of whom are apprentices of less than a 
year's service. They show something of the work of 
one department only, but are by no means exceptional in 
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aarThM d^rei.**'' ^^^^^ excelleiice. The results of our instruction in science 
hSS K?n "rauy 13?^ and luechanics, and in other branches, though less tan- 

Tanced students. -ii ii ixi-x» 'iii.* 

gible, are equally as great ; the former especially having 
developed habits of thought, observation, inquiry and 
definite expression that far surpass what I had supposed 
possible under prevailing conditions. 

Of course much remains to be thought out and experi- 
mentally applied before an harmonious practical curriculum 
for a technological railroad school can be perfected ; but 

Results Attained ^^^y further mouey appropriated in this connection will, pro- 
encourage further x» X 1 L l_ * X« • 1 T_1 

expenditure. portiouatcly, be much more remunerative m valuable 

results than what has already been expended, and the 
experience gained by our teachers will enable them, here- 
after, to avoid many mistakes and to master many diffi- 
culties that to the novice might seem insurmountable. It 
is also to be borne in mind that the preliminary work 
already performed in the Mt Clare School has largely been 
original (for the experience of neither .our universities, 

Ml. ciwo^?igtSai colleges nor technical schools could be of much service to 

In character, aud 

S?co2nlctff'*8hT "® ^^ combining school and shop-instruction). There were 
i^t?ucuoS?**^^ really no precedents to guide us in shaping a course of 

instruction for railroad shops ; for while in Europe there 
are numerous technological schools, most of them bear on 
industries of a different type from railroading, and even the 
few that are directly connected with railway corporations 
have been in operation only a short time and are formu- 
lated on foreign methods and necessities, and their courses 
of study could not effectively be introduced in this country. 
It is, therefore, gratifying to be able to state that several 
well-known and experienced scientists and educators have 
expressed the view that, in many respects, the Mt. Clare 
School is successfully working out problems in the line 
of connecting shop-work and school-instruction, and the 
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direct application of the latter to the former, that no 
attempts had previously been made to solve. 

As might naturally be supposed, the shop and class- 
instruction of the apprentices at Mt. Clare during the past 
twenty months has afforded us not only an insight into the 
methods of administration and practice of those works, but instmctton at mt. 
also a full realization of the difficulties which will be ^»»«»»we »n expen- 

enoe ot shop and 

encountered in planting a permanent system of techno- "^^^^^ ^°'^* 
logical instruction in the Baltimore and Ohio service. In 
this experimental work our teachers have acquired pecu- 
liarly valuable experience and knowledge of the lines 
upon which that instruction, to be successful, must be 
conducted. This knowledge is unrecorded, and, were it 
certain you would continue this educational work, might 
profitably be incorporated in this report; but it can 
speedily be formulated upon call, and I therefore close 
this particular branch of the subject with some general 
considerations. 

What has been said in general terms as to the method 
of educating apprentices in the Mt. Clare shops applies 
with equal force to our entire mechanical department. 
The old system of indenture in this country involved a 
definite responsibility on the part of the employer for the 
skill of the boys who graduated from his shops, which 
in fact has long ceased to exist, and, generally speaking, 
all that remains of the apprentL system of former days 
is an erroneous assumption in the public mind that, 
at the expiration of four years' service as a so-called 
apprentice, a boy possesses the skill and is entitled to b. * o. syBtem of 
the compensation of a journeyman. So far as the Balti- ^PJJJSJ'iSiSicad'' 
more and Ohio Kailroad is concerned, the observations of 
six years convince me that this term " apprentice " is an 
entire misnomer as applied to the boys in our shops, who 
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can only be classifi^ as "helpers '' and *' laborers"; for they 
do not receive such instruction as is necessary to make them 
intelligent mechanics, and though, from the nature of their 
work, they necessarily, in four years' service, acquire a 
certain amount of manual dexterity, few of them have, 
at the expiration of that term> attained to such a degree of 
expertness and general knowledge of the several branches 
of their trades as would justify a great corporation certi- 
fying them to the world as skilled workmen.* 

Much of the light and low-grade work in the manufac- 
turing and repair shops of a railroad can be economically 
and successfully performed by uneducated boys and, in an 
Labor of boys In emergency, much of the current work of such shops could 

machine shops. o •/ 7 jr 

temporarily be undertaken by them. But mere expertness 
in running a few machines (which may be acquired by 
mere repetition), even when supplemented by manual dex- 
terity in some branches of a trade, does not take such help 
out of the category of uneducated labor. . Helpers and 
laborers only they are, and helpers and laborers they will 
remain to the end of the chapter, under the system of 
Terra "appren- handling apprentices now in vogue in our shops. Indeed I 

lice " a mlsDomer. o 1 it o mt 

understand that no difference in pay is maintained in our 
Mt. Clare shops between "helpers" and apprentices. Of 
course I know that it would be unwise, in the present con- 
dition of the labor market from which this Company draws 
its supply, to reject the services of every mechanic who did 
not come up to a high standard, but nevertheless the Com- 
pany loses money by employing such people, and should at 

*" Investigations in the shops, by conversation and observation, have de- 
veloped the fact that many boys or young men had completed or nearly com- 
pleted their apprenticeship in the machine-shops without being able to tell the 
difference between cast and wrought iron ; without knowing whether steel is a 
native or manufactured product, and equally ignorant of many other simple, 
though important and significant, facts which are intimately related to their 
trades.''— [ Vide Report Tech. School Principal, Ex. W."] 
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least make a well-defined distinction between the pay and 
rating of a properly educated artisan and of one whose only 
qualification is manual skill. In order to secure substan- 
tial improvement in our mechanical service there must be 
a point of departure, and I think you will find none better 
than that here indicated. 

To make a practical application of this view, I submit 
that no young man, whatever his length of service with 
the Company may have been, should receive the designa- 
tion or the pay of a loumeyman, until it is demonstrated uom as u) employ- 

r J o •/ ? ment and promo- 

by examinations, as well as by actual work, that he pos-«^'»o'*pp"'^"c«» 
sesses the theoretical knowledge as well as the manual 
dexterity which in advanced mechanical centres is accepted 
as the standard of a skilled artisan. Also that the rule 
which requires all boys applying for service at Mt. Clare 
to pass an examination equivalent in grade to that which 
admits boys to our intermediate schools (or at the maxi- 
mum to our grammar schools), shall be continued and 
extended over our entire system; that where the exi- 
gencies of the service require the employment of a larger 
number of boys than can be found qualified for this 
examination, all applicants shall nevertheless be examined 
and their status and permanency in the service thus deter* 
mined. In other words, that. all boys found lacking in the 
prescribed mental qualifications, but whose services are 
needed, shall be rated as helpers or laborers, on a pro- 
gressively lower scale of wages than apprentices of same 
length of service receive ; that while the sons of our em- 
ployes shall still have the preference of appointment, when 
their education is ascertained by an examination to equal 
that of their competitors— anrf not otherwise^ after admis- 
sion their examination and scholastic records shall determine 
their advancement, or retention, should a reduction of force' 
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occur. The present form of indenture of apprentices should 
be modified to accord with General Order No. 5 of January 
15, 1885, General Manager's OflBce, and by further pro- 
visions that no apprentice shall be entitled to additional 
wages at the expiration of each year's service, until he 
has passed the annual academic examinations of his grade ; 
that no apprentice shall be rated or paid as a journeyman 
until, in addition to completing the usual shop-course, he 
obtains a certificate of graduation from the journeyman's 
course of «chool-studies. The wisdom of such provisions 
is too patent to need illustration. 

In this connection, it is important to recall to your 
DiscnsBes dosira- miud what has been said about employiuK the ffraduates 

billty of employlDg r ./ o o 

Kt^giSfiSatuS' ^f technological institutes in railway service, because 
Mi^i<5?. "^^"^ that has a material bearing upon the proposition to estab- 
lish a school devoted exclusively to the education of 
railway oflScers and apprentices. At the present moment 
especially, our system is undergoing a reorganization, and in 
many respects a development, that offers an exceptioflally 
favorable opportunity to supplement the practical experi- 
ence and technical knowledge of those subordinate officers 
charged with the details of our transportation, mechanical 
and road departments, with modem practice as taught in 
our best technological schools. By this I mean that the se- 
lection of a limited number of technological-school graduates 
for special instruction in the cadet course above outlined 
would, at a comparatively early date, provide the service 
with assistant foremen, supervisors, etc., who would elevate 
and educate those immediately above and surrounding them, 
while the conservatism of their superior officers would neu- 
tralize their inexperience in technical details, temper their 
zeal, and reduce their theories to practical applications serv- 
iceable to the Company. While, for the reasons already 



157 

stated, it is believed the appointment of technological 
graduates to positions of responsibility in railway serv- 
ice would not prove as satisfactory as the policy of 
securing boys well grounded in elementary studies and 
then educating them as specialists in railway theory and 
practice, there is much that can be urged in favor of 
their appointment as cadets, as combining the elements of 
economy and immediate results which, in our present situa- 
tion, commends that course to your favorable consideration. 
This report contains conclusive testimony as to the facility 
and rapidity with which intelligent technological scholars 
absorb and assimilate a practical knowledge of the trades 
and professions with which they become associated, and 
I think no one who has read it would doubt that this plan 
would at least yield a profitable return, through the 
elevation of the personnel of the service and the intro- 
duction of scientific and modem mechanical processes to 
bur practice. 

To reinforce this view, let me ask you to reflect upon 
the results that would surely follow the assignment to JJ^^lSSSL 

1 /• iL.ri. /ii 1. IV */* * L. would mAke <l6Blr- 

each of our Mt. Clare shops, after some specific mstruo abie aubordtuata 

- /• • 1 « offloora and teachers. 

tion in railroad matters, of one or more assistant fore- 
men, selected from the higher graduates of our best 
mechanical schools. You cannot fail to realize that 
such a policy would soon produce a revolution in the 
social status and in the practical mechanical operations of 
those shops which would greatly advantage the service 
generally. Another result would be that this corps of 
assistant foremen and supervisors, who would soon acquire 
practical experience and the theories of economy which 
form the groundwork of your administration, would furnish 
just the talent now needed for teaching the younger 
element of the service — L e. teachers combining theoretical 
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and technical knowledge with such experience as would 
give them an appreciation of the lines of instruction that 
would yield the most practical and economic results. 

General Order No. 5, of January 15, 1885 (Exhibit U), 

though purposely made general and tentative in character, 

Approves con- iu Order that we mi&;ht profit by future experience, still 

tlnolDg plan or . , , ,. 

iSSSJSSm janu- ^^^y ^^"^ expresses my judgment as to the bnes upon 
arr. 1886. which the proposed educational work should be conducted. 

The plan outlined in that order contemplates : 

1. Instruction (in the apprentice class, of such boys 
now in or hereafter admitted to the service as can pass the 
examination therein indicated), of a character that will 
make them skilled and intelligent mechanics. Such ap- 
prentices as, in this ' course, developed a fair amount of 

Ex utnswhat ^'^^^^^'J *^^ fidelity would, naturally, graduate into the 
SimoSLJSS1^??i!Ii" 8^^°^ ^r Cadet class. This first class course should, 
uary. 1885. corers. jj^^ever, providc withiu itself all the elements of technical 

instruction necessary to complete a journeyman's edu^ | 

cation. 

2. The Second or Cadet course should also be complete 
within itself, and should provide such technical instruction 
in all the departments of railway service as would fit its 
students for all subordinate positions of responsibility and ^ 
trust in the service — corresponding to what is known in 
European schools as the foremen's course of study. This 
course, while involving more thorough and wider theo- 
retical instruction than the apprentice course, should, to 
the greatest extent possible, be framed with reference to 
the practical mechanical operations of the shops and of the 
service generally. 

Unless very radical changes can be efiected in the 
common-school methods practised in Baltimore, I appre- 
hend that a very small proportion of the apprentice class 
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will be able to take this higher instruction, and that we t^'SS^^^^S^^^ 
will have to look to the graduates of technological and SSnt^aSSaraenin 

t_ i • .1 . • /• xi_ A i i_ A 7 *o flW subordinate 

science schools in other sections oi the country that oo and other poBuionB 

In B. Ac O. Bervloe. 

afford industrial education to their citizens, for the material 
to constitute our cadet class. I look with regret upon this 
prospect, having a strong bias towards the development 
of local talent ; but in this connection public considerations 
must be made subservient to our corporate needs. The 
widespread interest developed outside of Baltimore in the 
technological work at Mount Clare, and the numerous 
applications for admission to that school from the graduates 
of technological and science schools and others of equal 
mental discipline, give full assurance of an unlimited 
source of supply, and thfft this class will not only provide 
subordinate officers in sufficient numbers to meet the 
utmost demands of the service, but also men whose 
primary education will qualify them for still higher 
positions. 

3. It will be the object of the Third or Cadet Officers' course 
to give to those who graduate with honor from the second 
class (and who have therein shown themselves possessed 
of ability and educational qualifications above the average) 
further technical training, of a still higher and more com- 
prehensive type, which, when combined with familiarity 
with the operations of the various departments of the o^*2re*^u«e*^**' 
service, will go far towards qualifying the students of that Sp^Sumt^iS?*** 
course for the highest positions in the Company's gift. ra"ro»d operations. 
To this end, opportunity should be afforded the pupils of 
this course, in its last year, to actively participate in the 
production, care, repair and improvement of railway plant 
and in the practical operations of the service. This could 
readily be done — and with advantage to the service also — 
by distributing these students among the several depart- 
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ments as assistaDts — at the same time maintaining their 
connection with the school for further educational pur- 
poses. I have already shown how such an infusion of 
new blood into our mechanical and operative departments 
would inure to the benefit of the Company. 

In the apprentice course, school-instruction should be 
made secondary to shop-work, while in the higher courses 
shop- work should always be secondary to mental training. 

Although the foregoing relates especially to instruction 

in Baltimore, the plan has been drafted in a more general 

sense, and contemplates the gradual extension of this 

educational movement over our entire system. While 

GiasB inateuction Baltimore will always be the centre of such a movement. 

Inaugurated at Ml. ^ ' 

SSSd?d ow * I apprehend no great diflSculty in extending the apprentice 
entire system. ^oursc, at Icast, over the entire road, by establishing 

night-schools for drawing, mathematics, and elementary 
science, or securing the introduction of our boys into such 
schools as are already in operation, and the modification 
of their curriculum in the manner indicated. A cheap 
provision for such elementary instruction can be made by 
gradually transferring the young graduates from the Mt 
Clare School to our divisional repair shops as assistants, 
and requiring them to take charge of these night-schools, 
and of the shop-instruction and supervision of apprentices, 
under a similar plan to that now in force at Mt. Clare — 
with, of course, such modifications as local differences and 
experience may suggest as desirable. 

The statement in Mr. Coler's report (Exhibit W) that 

Beasons why all not onc of five hundred apprentices examined in and out 

appreuucestaip of Baltimore was able to pass a very simple examination, 

should be ex- ^ r j r 7 

amined. givcs great force to his recommendation that the present 

system of a preliminary examination as a condition of 
apprenticeship (which has been in operation in Baltimore 



161 

for the past two years) shall be enforced in all the shops 
of our service. This preliminary examination has worked 
admirably and, if enforced throughout the service, will 
secure a class of workmen of greater intelligence than now 
operate your shops ; and lead to improvements in machin- 
ery, economical methods of labor and avoidance of accidents. 
Even though you may not finally determine to inaugurate 
the educational work herein proposed, this system of 
preliminary examination should be maintained and ex- 
tended as a condition of apprenticeship. 

In the course of my investigation of this subject I have 
accumulated a large mass of data relating to the organiza- 
tion, management and results of technological and science 
schools, which it is not necessary to incorporate in this 
report, but which would be of material assistance should the 
Baltimore and Ohio Company decide to convert the present 
experimental teaching at Mt. Clare into a permanent 
bureau or department for educating officers and skilled 
artisans for its service. In the event of favorable action on wSchtecSuo- ^* 
upon this school-question, . I would recommend that b?<»SdISied!^°"^** 
the details of organization, the preparation of courses 
of study, etc., be entrusted to a commission; some of 
whose members should be the most experienced and 
successful educators that can be found in the techno- 
logical field, while others should not only have a wide 
mechanical knowledge, combined with practical experience 
in the application of mechanics to those industries con- 
nected with railway service, but should likewise be thor- 
oughly conversant with the methods and requirements of 
that service as conducted in this country. Such expert 
talent can be had and, if the subject is to be pursued at 
all, its importance demands that no pains or reasonable 
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expense should be spared in getting a right start. Indeed 
the ultimate success of such a measure would mainly de- 
pend upon the wisdom and discretion of those who planned 
its details. Such a commission (aided by the local and 
technical knowledge of intellig^t representatives of our 
administrative and operating departments, and by the 
experience of the teachers at Mt. Clare, which, in this 
connection, would be invaluable); performing its labors 
with courage, yet caution; realizing that the value and 
therefore the life of such a school depended altogether upon 
its usefulness in increasing the efficiency and economy of 
railroad operations, could, I doubt not, devise a system of 
instruction that would accomplish fully as great practical 
results as have ever been achieved in the field of industrial 
education.* 

The great aim of the Mt. Clare School, if it is to be 

maintained, should be a combination of theory and practice, 

by the daily application, in the workshop, of the theoretical 

instruction received in the school-room. I cannot impress 

si|?o**^ouM*Ifin up^^ y^^ *<^^ strongly the impracticability of attempting to 

v^ Accomplish, teach trades, or to fit youth for the practical work of life 

by such theoreticdl mstnu^ion and caaiuil practice as are 
given in most of our so-called trade schools. Our Mt. Clare 
classes in physics and mechanics are now taught to apply 
principles for themselves, so far as time and apparatus will 
permit, somewhat after the order of the common-school 
instruction practised on the Continent, and described by 

* Dr. Hall, of the Hopkins Univenity, in response to a request of one of our 
teachers for advice on the subject of a suitable course of study for Mt. Clare 
apprentices, said in substance that the subject involved one of the hardest and 
most peculiar questions in education ; that to formulate such a course would not 
only require an intimate knowledge of the wants of the Company and of the 
service of its various shops, as well as of the work and results of the leading 
industrial schools of the country, but would also take at least six months of his 
undivided time. I cite this statement of one of our most experienced educators 
merely to sdiow that the subject is one of great compleiuty, that cannot be safely 
entrusted to any but the learned and experienced. 
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Matthew Arnold in the October number of the Centwry^ 
and this practice has given satisfactory results, though not 
such as would have been secured by a cordial co-operation 
between the shop authorities and the school instructors. 
If the school is reorganized with more space and apparatus, 
and on a practical plan of supplementing class-instruction 
with work in the shop, or, more properly speaking, of 
systematically adapting school instruction to the current 
work of the shops, you will soon see a marked improve- 
ment in the mechanical operations of those shops. 

I have gone into this matter at length, because it is 
important you should fully realize that our great want is the 
technical education of our people ; that to educate for railroad 
work, even the heat course of technical study must be supple- 
mented with practical instruction in the workshop and in 
the administrative and operative oflSices, and that no tech- 
nical course for railroad people could profitably be con- 
ducted in any school without immediate access to workshops 
and plant in all phases of operation, construction and main- 
tenance ; that, in its corporate interests, the Baltimore and B.^^2vti2inabi7 
Ohio Company could well afford to provide this practical SuS SSSSSIS*' 
knowledge and a certain amount of school-instruction, upon 
the plans outlined in connection with the Mt. Clare works ; 
but while that plan contemplates a selection of studies 
from the different engineering courses in connection with 
other subjects that bear directly upon railroad interests, 
this company cannot be expected to take the place of our 
colleges and universities in developing special aptitudes. 

I have elsewhere (pp. 77-87) alluded to the material 

' influence which the Johns Hopkins University should 

— but does not — exert upon our service. I have also 

shown how the vital interests of the former are involved 

in the prosperity of the latter, and have referred at 
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joh^B^nSpwis^' length to the intimate relations existing between the 
S.'cJ^and whaift Johns Hopkins University and this Company. Had that 
?attor 111 ?t8 educa. intimate connection not existed, I should not have felt 

justified m cnticismg, m this report, the policy and methods 
of its management; but as that association does exist in fact, 
and as I consider the objects this report is intended to sub- 
serve are — in a reflex sense — as vital to the Hopkins Univer- 
sity as to the railroad itself, I have felt as free to comment 
upon its methods as upon our own. The prime need of the 
University is the greatest attainable income from its endow- 
ment compatible with security. The greater portion of its 
capital being invested in Baltimore and Ohio securities, it is 
fair to assume that the first desire of its trustees is the per- 
manency and commercial success of that road. The great 
influence of technical education upon the prosperity and 
net earning capacity of industrial corporations (among 
which must be classed the Baltimore and Ohio) is so clearly 
and unquestionably shown in this report, as is also the low 
educational standard of the community from which this 
service draws its main supply of labor, that it seems only 
necessarj' to point out the relations which these interests 
bear to each other and the need that exists for the aid 
which the University could so effectively give, to secure 
the hearty approval and co-operation of its trustees and 
faculty in judicious efforts to elevate our service. They 
are eminently qualified to appreciate the value of intelli- 
gent and scientific methods, and I need hardly point out 
that, as it is very doubtful if the University could get a 
better investment for its endowment than that it now holds 
in our securities, the best way to make their endowment 
highly remunerative and permanently secure is to follow 
the lines herein indicated, and that any expenditure or 
sacrifice they might make in this connection would be a 
wise insurance of their capital against depreciation. 
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From an outside point of view, it would seem as though 
so large a shareholder in the Baltimore and Ohio Company 
should take a more lively interest in the affairs of that 
corporation than it has done, and that pride, no less than 
«elf-interest, should prompt it to supplement our efforts by 
remodeling its curriculum so as to afford better facilities to 
the general public of Baltimore, and especially to those in 
our service who may develop a capacity for higher instruc- 
tion than will be obtainable under the proposed Baltimore 
and Ohio program ; which, while providing a very sub- 
stantial foundation, cannot undertake to give advanced 
instruction in engineering and other higher branches of 
scientific and mechanical knowledge. '*' Certainly neither 
this community nor our country at large would be the 
losers if, in order to inaugurate such a course, it was found 
even necessary to curtail its present program, which is 
currently recognized as aiming to devote the University to 
original research and to finishing (in its highest sense) the 
education of the graduates of our other universities. 

In conclusion, I beg to say that, while of course I de- 
sired and earnestly endeavored to obtain the most practical 

* That a railroad company at »ueh would not be justified in furnishing means 
for such an extensive course as would accomplish all the objects herein viewed, 
and that, without public or private assistance, its efforts must at best be devoted 
to affording thorough instruction in those elementary branches which will give 
the most practical and immediate return to the railroad, is made patent by the 
following considerations : 

Engineering, though important, is only a part of what must be taught in a 
course intended to fully qujQify young men for the higher walks of railroad life, 
and yet to provide the necessary buildings, apparatus and a corps of suitable 
instructors to teach that branch alone, in its advanced stages, would require a 
very considerable annual appropriation. 

In Cornell, as I am informed, the faculty of civil engineering alone includes 
nine teachers, while Stevens Institute, which provides only for a course in 
Mechanieal Engineerina^ has a corps of twelve teachers, and Rensselaer Poly- 
technic Institute, Troy, N. T., provides a corps of nineteen teachers for advanced 
instruction only in Civil Engineering — the conditions of admission requiring 
students to be well grounded in elementary studies. True, some of the instructors 
in Cornell teach in other departments, but then the students of engineering get 
part of their instruction in allied departments. A course in any one kind of 
engineering would require the full time of at least six teachers. To secure first- 
class men for these positions would necessitate a large expenditure. 
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ja^a* ^i5?S? °' results for the Company, in return for its expenditures, 
o.'^empi^M^MU* your order of January 15, 1885, had, to my mind, a much 
tio?*"^eneMi^^ greater significance than attached to a course of mere 

experimental instruction of ignorant apprentices. I clearly 
realized that this attempt to influence the methods and 
practices of a great industry, by carrying systematic mental 
instruction into its workshops, was really inviting a public 
detennination of the question whether or not systematic 
technological instruction, under corporate auspices {and 
there/ore under the most/avorahle conditions) was practicable ; 
and if practicable, economical and otherwise desirable. If 
an experiment, conducted as this was to be, under the 
supervision and control of a great corporation, whose 
wealth, thorough organization, commercial, manufacturing 
and transportation operations and interests, combined with 
its well-known desire to elevate its employes, failed of suc- 
cess, no other railroad or other large industrial corporation 
would be likely, in the near future, to renew the attempt 
to graft upon our democratic institutions the system of 
technological instruction pursued abroad with material 
advantage to all concerned. 

Another consideration which gave me great concern in 
this connection was that the program announced in your 
order was substantially novel in this country, both in respect 
a^inuroiy'lSS^S- ^^ educatioual and industrial practices, in that it contem- 
^i'<?J»uon^a plated, on the one hand, reversing the present steady ten- 
dency of our technological and science schools towards the 
theoretical rather than the practical in mechanical and 
kindred studies, while, on the other hand, it proposed making 
school-instruction directly supplemental to the usual shop- 
work of apprentices and others — -pro/essediy for the purpose 
of elevating and diverting the mechanical and other 
operations of a great corporation from obsolete to modem 
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practice — a plan that, bo far as I am able to learn, has never 
before been practically attempted in this country. The idea 
of such a school is just as new in the line of school- work and 
education as railroading was in the line of transportation 
fifty years ago. If, under this program, it could be clearly 
demonstrated that a bureau or department established for 
the specific education of railroad officers and artisans 
to a higher than the current professional standard was 
really a practicable and economic adjunct to the opera- 
tive, administrative and executive departments of American 
railways, it would not be extravagant to hope for 
a general industrial educational movement, not only on 
behalf of the half million men engaged in railroading, 
but such an one as has been vigorously advocated 
by a large number of our wisest citisKens, irrespective of 
class and profession, as well as by intelligent workmen in 
various sections of the country (vide p. 66). A move- Jj^* »>*"o»»i 
ment that, though originated by the potent agency of self- 
interest, would finally reach beyond all sordid considera- 
tions and result in improving the entire mass of our 
laboring , population, and in elevating the United States 
more nearly to her proper rank among the industrial 
nations. 

Reference has previously been made to the analogy 
between railroading and our military and naval services, ^n^^fgfj ^S!^lf 
An intimate acquaintance of many years with the details JSio^iT*** ^"""^ 
of military organization and service, and a more general 
yet practical knowledge of the systems under which our 
navy and railroad properties are operated, has perhaps 
specially qualified me to appreciate what is common to 
them all, and I have been greatly impressed with the 
belief that the educational measures and methods which 
have made our military and naval officers professionally 
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so eflScient, would prove equally efficacious if applied, with 
necessary modifications, to railroad service. 

In closing this report it is proper to express my sincere 
regret that my own want of experience and fitness for the 
task has necessitated the preparation of such a lengthy 
paper, in order to intelligently place before you information 
that others better qualified could have more clearly and suc- 
cinctly stated. On reviewing these pages, I observe that they 
bear evidences of spasmodic effort, and, in a certain sense, of 
evolution of thought, which is additional matter for regret; 
but the subject is of such a character as to demand for its 
satisfactory presentation a consecutive research and study 
Length of report which prcss of othcr and onerous duties altogether pre- 

and delay due to ■*■ <j x 

preMure of other cludcd mc from giving it. The same causes operated to 

prevent an earlier conclusion of my task. 

In thus relinquishing all further responsibility and con- 
nection with this very interesting but exacting subject, I 
desire to say that, in stating facts fearlessly and expressing 
my own views frankly, I have been governed solely by a 
desire to elevate the morale and efficiency of the Baltimore 
and Ohio Railroad and its allied interests and, incidentally, 
to advance the industrial education — and as a necessary 
consequence the material prosperity— of this community. 

Respectfully submitted : 

W. T. Barnard, 

Assistant to President, 
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Exhibit A. 

BlLTIMOBB & ObIO RaILBOAD OoHPAJTT, 
OmOl OP TBS PKBSIDniT, 

BALTtMomx, January 15, 1885. 

ExECUTiTB Obdbk No. 6. — ^The inauguration of a Baltimore and Ohio Teoh- * 
nolpgical School for the promotion of a higher course of inatruction for the i^^^T^ ^J?^ 
ajpprentices of this service than that now pursued, with headquarters at Mt. [ton of MbooUD- 
Clare, Baltimore, and conducted under the superintendence of a ooard of seven strucuon at Mt. 
directors, appointed annually bj the President of this Company, is announced. c^*>^0* 

Messrs. John K. Cowur, E. J. D. Cboss, Db. Cbablbs M. Cbbsson, Andbbw 
Andbbsom, Db. W. T. Babbabd, Bbadpobb Dunbam and Cbables Seldbv are 
hereby appointed such directors for the calendar year 1885. 

The course and method, of instruction in its sereral departments, and .the 
operations of the Technological School, shall be goremed by regulations pre- 
scribed bY its Board of Directors. 

In furtherance of the objects for which this school is founded, and to secure 
uniformity and discrimination in the employment of apprentices in all depart- 
ments, the General Manager will promulgate rules regulating their appointment 
and service. 

In the establishment of a technological school the Comnany affords the youth 
in its emplo^^ opportunities for obtaining a liberal technical education far superior 
to those enioyea by the emplores of other railroads. The examinations pre- 
scribed in the course of the Technological School will be very thorough, and will 
require from the apprentice a close and persevering attention to study, without 
evasion or slighting of any part of the course, as no relaxation of anv kind can 
be made by the Board of Examiners; and, as the Company will hereftfter 
endeavor to advance the graduates of the Teehnolofflcal School to positions of 
respoDsibility and trust in its service, only those who demonstrate willingness 
ana ability to qualify themselves for advancement will be retained. 

The Oeneral Manager will convene a Board of Examiners, consisting jointly 
of two medical examiners of the Relief Association and three instructors of the 
Technological School, whose duty it shall be to examine and classify all appren- 
tices now in service in accordance with the standard of qualifications prescribed 
in his Oeneral Order on the subject. This board will visit each station where 
apprentices are employed, and finally report, in writing, to the General Manager 

the result of their labors. 

ROBERT GARRETT, PruidmL 

Exhibit B. 

The Polytechnic School at Zurich, Switzerland, is one of the largest and most tMbAf se&oAt 
successful of its kind. It was established in 1854, and the magnificent building at zuri^, sw^er^ 
which it occupies is one of the leading features of Zurich. Its citizens are justly land. 

Sroud of the noble edifice and of the great work accomplished by the school in 
eveloping their industries, attracting capital to their city, attracting hundreds 
of stuaents, and sending forth trained specialists to all parts of the world, and 
generally in improving the condition of all classes of society. 

This institution supports a large number and variety of laboratories, libraries, 
industrial museums, collections of apparatus, and olneots of scientific and artistic 
interest, which of themselves exert a wonderful educating influence upon the 
thousands of students that resort to them for instruction and traimng. It 



Exhibit T. 

The conclusions of the British Royal Commissioners, as 

r 

. i All 

Commissioners. 



the British Borai summed up in their report, though somewhat voluminous, 



are so thoroughly a digest of industrial development that 
they will certainly repay careful perusal in full by those 
interested in the subject ; but even the rhvm^ of their de- 
ductions embraced in the extracts herein quoted illustrates 
the value of the subject. 

Extracis from ihe Oanduatons of the MrliUh CommiasUmera as to 
the Effi&ct of Technical JBduoation on nduotrtoa. 

* * * It will have been seen from the preoeding pages of this report that we have 

attached oonsiderable reUtire importance to that portion of oar commission 

tifloand teohmoai W^^^ directed ns to inquire into the condition of industry in foreign countries; 

training on Euro- and it is our dut j to state that, although the display of Ck>ntinental manufactures 

pean Industries, at the Paris International Exhibition in 1S78 had led us to eipect great progress, 

we were not prepared for so remarkable a development oi their natural resources, 
nor for such perfection in their industrial establishments, as we actually found in 
France, in Ghermany, in Belgium and in Switzerland. Much machinery of all 
kinds is now produced abroad equal in finish and in ei&oiency to that of this 
country, and we found it in numerous instances applied to manufoctures with as 
great sldll and intelligence as with us. 

In some branches of industry, more especially in those requiring an intimate 
acquaintance with organic chemistry, as, for instance, in the prepaiHtlon of arti- 
ficial colors from coal-tar, Germany has unquestionably taken the lead. 

The introduction by Solvay, of Brussels, of the ammonia process for the manu- 
facture of soda, and the German application of stroutia in sugar refining, con- 
stitute new departures in those arts. In the economical production of coke we 
are now only slowly following in the footsteps of our Continental neighbors, 
whilst the experiments which have been carried on for nearly a quarter of a cen- 
tury in France for recovering the tar and ammonia in this process have only quite 
recently engaged our attention. 

The ventilation of deep mines hj means of exhausting fans was brought to per- 
fection in Belgium earlier than with us, and, although our methods of sinking 
shiufts served for many years as models for other countries, improvements thereon 
were made abroad whicn we are now adopting with advantage. 

The abundant water power in Switzerland and in other mountainous districts 
is utilized for motive purposes by means of turbines perfect in design and 
execution. 

The construction of the dynamo-machine by Gramme ^ve the first impulse to 
the general use of electricity for lighting, and to the various new applications of 
that force which appear likely to exercise so great an infiuence upon the industry 
of the world ; and in all these applications, at least, as much activity is exhibited 
on the Continent as with us. 

In the construction of roofs and bridges, more especially in Germany, accurate 

mathematical knowledge has been usefully applied to the attainment of the 

necessary stability with the least consumption of materials. 

Progress ot Bns- '^^® beginnings of the modem industrial system are due in the main, as we 

land's industi^^ have indicated, to Great Britain. Before factories founded on the inventions of 

sTstem. Watt, of Arkwright and Crompton, had time to take root abroad, and whilst 



our owQ oommerce and maniifaoturas incraased from jear to jear, the g^reat wars 
of the early part of this ceaturj absorbed the energies and aissipated the capital 
of Continental Burope. For manj years after the peace we retained almost 
exclnsiye possession of the improved machinery employed in the cotton, woolen 

and linen manufactures. By various acts of the last century, which were not i 

repealed till 1825, it was made penal to enlist English artisans for employment 
abroad ; the export of spinning machinery to foreign countries was prohibited 

until the early years of Your Majesty's reign. Thus, when, less than half a cen- i 

turr ago, Oontinental countries began to construct railways and to erect modem 
mills and mechanical workshops, they found themselves face to face with a full- 
grown industrial organization m this country which was almost a sealed book to 
those who could not obtain access to our 'factories. 

To meet this state of things, foreign countries established technical schools continental ooun- 
like the Ecole Gentiale of Paris, and the polytechnic schools of Germany and tries compelled to 
Switzerland, and sent engineers and men nf science to England to prepare them- g^hooisf ^ ^ 
selves for becoming teachers of technology in those schooLs. 

Technical high schools now exist in nearly every Continental State, and are 
the recognized channel for the instruction of those who are intended to become 
the technical directors of industrial establishments.. Many of the technical 
chemists have, however, been, and are being, trained in the Qerman universities. 
Tour Commissioners believe that the snooees which has attended the foundation vmitfni rMnicA 
of extensive manufacturing establishments, engineering shops and other works, otS acbtl^u!^ 
on the Continent, could not have been achieved to its full extent, in the face of 
many retarding influences, had it not been for the vystem of high technical 
instruction in these schools, for the facilities for carrying on original scientific 
investigation, and for the seneral appreciation of the value of that instruction, ^ 

and of original research, wnich is felt in those countries. 

With the exception of the Ecole Centrale of Paris, all these schools have been 
created, and are maintained almost entirely, at the expense of the several States, 
the fees of the students being so low as to constitute only a very small proportion 
of the total income. The buildings are palatial, the laboratories ana museums 
are costly and extensive, and the staff of professors, who are well paid according 
to the Continental standard, is so numerous as to admit of the utmost subdivision 
of the subjects taught In Germanv, as we have stated in a previous part of our 
report, the attendance at some of toe polytechnic schools has lately fallen off, 
chiefly because the supply of technically trained persons is in excess of the present 
demand ; certainly not because it is held that the training of the school can be 
dispensed with. The numerous youn|^ Germans and Swiss who are glad to find 
employment in our own manufactories have, almost without exception, been 
educated in one or other of the Continental polytechnic schools. 

Tour Commissioners cannot repeat too often that they have been impressed 
with the general intelligence and technical knowledge of the masters and mana- S7?^toiii^ttoe 
gers of industrial establishments on the Continent. Thej have found that these ^^ meters and 
persons, as a rule, possess a sound knowledge of the sciences upon which their managers on tiie 
industry depends. They are familiar with every new scientific oiscovery of ini'^^i^^'^^i^^- 
portance, and appreciate its applicability to thur special industry. They adopt 
not only the inventions and improvements made in their own country, but also 
those of the world at large, thanks to their knowledge of foreign languages and 
of the conditions of manufacture prevalent elsewhere. 

The French and German schools for miners, and the one which has been quite 
reoentlj founded in Westphalia for workers in iron and steel, differ from the 
preceding schools for foremen, inasmuch as they are reserved for the theoretical 
instruction of men who, having already worked practicallv at their trades, have 
distinguished themselves by superior intelligence and good conduct. Most of the 
German schools of this kind are founded or maintained by the manufacturers, 
and wUl, we feel confident, repay the trades which have had the foresight and 
public mint to create them, by training young men to become foremen and lead- 
ing hands, willing and able to carry out with intelligence the instructions of 
their superior officers. 
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In serenl of the moie importaiit mdnstrial oentres of the Contine&t there 

Soetottji f or iffo- eziet eodetiee, eoeh aethe Society indnstrieUee of Molhonae, Bheimi, Amiens, 

^SS^wSa^. ^'> ^^ Soci^t^d'eneeinieiiieDt piafeeBioniiel da Rhone, which hM iteheadqiukr- 

ten ftt Lyons, and the l^iederoesteneichischer Gewerfoe-Verein of Anstria, one 
of the chief objects of which is the development of tedhnieal edocation among 
woribnen and other penons engaged in indostrj bj means of lectures and by 
the estaUisbment of schools bm mnseoms of technology. These associations 
are snpported mainly by the merchants and manufactnrerB of the district to 
which their operations are restricted. In many cases they are founded and sap- 
ported, or are greatly assisted, by the Chambers of Gommerce; these bodies 
abroad, being incorxwrated, and haTing, in France, considerable taxing powers 
orer their members, are generally wealthier and more inflaential than thooe in oar 
own ooontry. In addition to these sonrces of income, the associations reoeiye help 
from the mnnicipality, and sometimes from the State. In Malhoose, besides 
promoting education, the society sees to the material well-being of the workmen 
by erecting, on a large scale, laborers' dwellings (la cit6 oayridre), and by 
or^nizing savings banks and other economic arrangements ; undertaking, in 
this respect, on a smaUer scale, what is done in this country by self-sostaining 
aasodatlons, like building and co-operatiTe societies at the workpeople themselves. 
The society in Lyons has eetablisned numerous evening classes for elementary 
and technical instruction, which are attended chiefly by workpeople ; and the 
South Austrian Trade Society, which has its central office in Vienna, has organ- 
ized several technical day and evening schools for operatives of every grade, 
which are now under State control, and receive subventions from the Government. 
The report of Mr. William Mather to your Ck>mmi88ionerB, on his six months' 
Mr. Mathefire- tour throughout the United States of America and Canada for the purpose of 
aSiJS^ ^A^i^MAA. ■^'^^y^^? ™ schools and factories of that continent, deserves the most careful 
atatet anc oanaoa. pemafti. It will be seen that Mr. Mather assigns greater influence on American 

manufactures to the general education of the American people derived from their 
common schools than to their technical schools, the importance of which latter, 
however, in the training of civil engineers, has been experienced for some years, 
though it has only more recently bMome recognized by those who are engaged in 
mechanical engineering and in metallurgical and manufacturing establishments 
of various kinds. This recognition is, however, now becoming universal. A 
decided preferenoe is being given in the United States, for the positions of 
managers and heads of departments, to persons who have received a seteniifie 
troiimnf in a Uehnical sehool, and the plan is followed in these schools of eom- 
Inning tnatruetion in ** application " with insirwtum in pure science. Although 
the conditions of American industry differ in many respects from our own, there 
can be no doubt that we may derive great advantage from a carefnl study of 
what is beinff done in the way of teohnleal instruction in the United States, as. 
together with the elementary education of Canada, it is so graphically described 
by Mr. Mather. We may add that the accuracy of his statements and conclu- 
sions is generally confirmed by the acooimts of technical instruction in America 
which we have received from other competent judges. 

Not many years have passed since the time when it would have still been a 
matter fbr argument whether, in order to maintain the high position which this 
country has attained in the industrial arts, it is incumbent upon us to take care 
that our managers, our foremen and our workmen should, in the degrees com- 
patible with their circumstances, combine theoretical instruction with their 
acknowledged practical skill. No argument of this kind is needed at the present 
day. In nearly all the great industrial centres — in the metropolis, in Glasgow, 
uSS^A^^A*^^ *" Manchester, Liverpool, Oldham, Leeds, Bradford, Huddersfield, Keighley, 
por^^y Indus- Sheffield, Nottingham, Birmingham, the potteries, and elsewhere-^more or less 
trial 4x>rporatlons. flourishing schools of science and art of various grades, together with numerous 

art and science classes, exist, and their influence may be traced in the produc- 
tions of the localities in which they are placed. The schools established by Sir 
W. Armstrong at Elswick ; fay the London and Northwestern Railway Company 
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at Crewe ; and thoee of Meeera. Mather and Piatt, of Salford, in oonneetion with 
their engineering works, testify to the importance attached hj employers to the 
theoretical training of young mechanics. The efforts of Mjessrs. Ilennr, the 
eminent shipbuilders of Dumbarton, for encouraging the instruction of their 
apprentices, and for rewarding their worlnnen for meritorious improyements in 
details applicable to their work, are proofs of this appreciation. The eridence 
of Mr. Richardson, of Oldham, and of Mr. Mather, of Salfoid, is emphatic as to 
their experience of its economical value. 

Without more particularly referring to the valuable work in the past accom- 
plished by the numerous mechanics' institutes spread over the country, many of 
them of long standings we may point out that they are now lamly remodeling 
their constitutions in order to bring up their teaching to the leyel of modem 
requirements as regards technical instruction. The example of the Manchester 
Mechanics* Institute may be studied in this connection. 

Moreover, as evidenoinj^ the desire of the artisans themselves to obtain facilities 
for instruction botli in science and art, we must not omit to mention the classes 
established and maintained by some oi the leading co-operative societies. The 
Equitable Pioneers' Society of Rochdale has led the way in this, as in so many 
other social movements. It is much to he wished that the various trades' unions 
would also consider whether it is not incumbent on them to promote the technical 
education of their members. 

The manufacturers of Nottingham speak with no uncertain voice of the 
important inflnenoe of the local school of art on the lace manufacture of that 
town. Without the Lambeth School, the art productions of Messrs. Doulton 
could scarcely have come into existence. The linen manufacturers of Belfast 
are becoming alive to the necessity of technical instruction, if competition on 
equal terms with foreign nations in the more artistic productions is to be rendered 
possible. The new generation of engineers and manufacturers of Glasgow has 
oeen trained in the technical schools of that city. The City and Guilds of 
London Institute owes its existence to the conviction of the liverymen that tech- 
nical instruction is a necessary condition of the welfare of our great industries. 

Natural science is finding its way surely, though slowly, into the curriculum 
of our older English univenities and of our secondary schools. It is becoming 
a prominent feature in the upper divisions of the eleifientary board schools in our 
large towns. There are scarcely any important metallurgical works in the king- 
dom without a chemical laboratory in which the raw materials and products are 
daily subjected to careful analysis bv trained chemists. The attainments of the 
young men who have been trained in the Royal Naval College at Greenwich 
recommend them for remunerative employment by our great shipbuildin^f firms. 

In our relations with public bodies and individuals in this country during the 
proffress of our inquiry, the greatest anxiety has been manifested to obtain onr 
advice as to th^ mode in which technical instruction can be best advanced, and 
we have to acknowledge the readiness of the Education and Science and Art 
Departments to receive and act upon suggestions in matters of detail from indi- 
vidual members of the Commission which it would have been pedantic to delay 
until the completion of our task. Aroonnt the suggestions which have thus 
been made was that of an exhibition of the school work of all nations, which 
His Royal Highness the Prince of Wales has consented to add to the Health 

Exhibition of 1884. This exhibition will be an appropriate illustration of the { 

account of foreign schools contained in the |>revious parts of this report. Your , 

Commissioners, during their Continental visits, received from the authorities of .! 

technical schools numerous assurances of their cordial support and co-operation i 

in such a display. ! 

In considering by whom the cost of the further development of technical >j 

instruction should be borne, we must not forget that, if it be true that in foreign how th« cost of 1 

countries almost the entire cost of the highest general and technical instruction achoois should be 
is borne by the State, on the other hand, the higher elementary and secondary ^"^®* 
instruction in science falls on the localities to a much greater extent than with 
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us; whilst, as to the ordinary elementary schools, the cost in Oermany and 
Switzerland is almost exclusively borne Yrj the localities ; and this was also the 
case in France and Belgium until the people of those countries became impatient 
of the lamentable absence of primary instruction on the part of rast numbers of 
the rural, and, in some instances, of the town, population; an evil which large 
State subventions alone could cure within any reasonable period of time. With 
the exception of France, there is no European country of the first rank that has 
an Imperial budget for education comparable in amount with our own. In the 
United Kingdom at least one-half of the cost of elementary education is defrayed 
out of Imperial funds, and the instruction of artisans in science and art la almost 
entirely borne by the State. Hence, it will be necessary to look, in the main, to 
local resources for any large addition to the funds required for the further 
development of technical instruction in this country. 

We cannot dismiss this branch of the subject without calling attention to the 

Eduoationai educational value of the museums of natural objects now found in many of the 

Talue of rauBeums. modem elementary schools of the Continent. Probably the best examples of 

such collections are those of the Normal School of Brussels, and of the element- 

^ ary schools of Zurich. Collections of natural objects, pictures and diagrams 

are of the greatest assistance for illustrating object lessons in rudimentary science 

to children of the earliest years. 

Many persons who have paid attention to the working of free libraries in our 

Free libraries, iji^rge towns, are of opinion that the benefit of these might be extended to 

elementary schools by placing at the disposal of such schools books of a 

character calculated to interest children of school age. Amongst these books 

some suitable technical works, especially illustrated ones, might be included. 

These school libraries would be of the nature of the branch libraries which are 

now attached to many of the free libraries of our large towns. 

Tour Commissioners, after having had the opportunity of further considering 

Manual t»inlng the value of manual work as a part of primary instruction, and after having seen 

as a part of school such work introduced into elementary schools of various grades in other coun» 

^^'^^* tries besides France, are able now to express a stronger opinion in its favor than 

at the time of their first report. They do this with greater confidence because, 
in consequence partly of the suggestion contained in that report, the experiment 
of introducing manual work into primary schools has been successfully efTected 
by at least two school boards in this country — ^viz. : those of Manchester and 
Sheffield. They have had the opportunity of inspecting the manual work of the 
pupils both at the Manchester Board Schools and at the Central School in 
Sheffield, and they are satisfied that such work is very beneficial as a part of the 
preliminary education of boys in thin country who are to be subsequently engaged 
in industrial pursuits, even though it should not, as, however, it probably will 
do, actually shorten the period of their apprenticeship. 

Exhibit G. 

English Scibnce Schools and the Crrr and Guilds of London Instftute. 

The English Government is beginning to make liberal provision for the higher 

training of artisana Its great international exhibitions have served to arouse 

a spirit of national pride among the English people. They have seen themselves 

outstripped in the race for national supremacy in articles of manufacture, but 

. , , they are resolved to regain their former prestige as a nation of first rank in art. 

«5Xi?^ 'r**^* ^P^"* ^^ national pride, combined with that indomitable enterprise which 

is so characteristic of the English race, and which is just now quickened by the 
depression in trade and the intense rivalry that results from sharp competition 
with Continental nations for control of the great industries and home and foreign 
commerce, together with the necessity of making some provision for the employ- 
ment of the thousands of men and women who are dependent upon their daOy 
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•arniagsfor their liTelihood, and of making such a disposition of the children of 

those people as will prerent thm becoming paupers, vagabonds and criminals, has 

taken a practical turn br endeavoring to place the means of acquiring a special 

training for some field of productive industrj within the reach of all. But the 

English Government does more than merelj provide schools and apparatus. It 

has a great university of science and art at South Kensington, where the ablest ^^^ Kensing- 

instructors that the nation has produced are employed and furnished with evei^y l^lSbLooSk 

needful facility to train special teachers for the highest departments of artistic 

manufacture, and for the various schools of industry that are being established 

in every industrial centre. The Government also holds out inducements in the 

war of prizes and scholarships as incentives to young people to enter the schools 

ana complete the preecribed courses of study. 

The great tendency of the €k>vemment schools, however, is to provide for the 
teaching of pure science onlv, or of applied science only in a theoretical way. To 
supplement this theoretical instruction by making a direct application of the 
science thus taught to the development of the numerous national industries, 
effcxts have been put forth in various directions to provide for a correspdnding 
development of skill by training the hand, the eye and the taste of persons 
engaged in manual pursuits. The greatest of these attempts is the one that 
has bBen made by the numerous guilds of London. These organizations have 
been accumulating great stores of wealth for several generations, and of late 
years they have wisely determined to utilize their hoarded treasures by establishing 
and sustaining schools for both the secondary and the higher training of people 
who, like themselves, are engaged in industrial avocations. Accordingly they have 
formed what is known as the City and Guilds of London Institute, the purpose of aty and GaUds 
which is to provide for and encourage education adapted to the requirements of ot London insti- 
all classes of persons enga^^, or ezpectine to engage, in manufacturing and ^"^' 
other industries. Recognizing that the teaching of pure science is so extensively 
provided for by the Government, this Institute makes no attempts in that direction, 
but confines its efforts to technical education in the true sense of that expression 
— t. e. , the development of skill and the acquisition of manual dexterity in industry 
— by uniting manual training with science teaching, and basing all shop instruc- 
tions upon scientific principles. 

The guilds are organizing a number of technical schools in various parts of 
London for the education of the artisans of the great metropolis, and to serve 
as models of schools to be founded in other cities and towns of the kingdom. 
These schools are to be supported in part by fees and local efforts, and in part by 
grants, conditioned on results, from the Government and from the guilds. The 
institute also alms to induce existing educational institutions to make provision 
for technical education, and they make yearly grants to these institutions, 

Sroviding the education they furnish is of such a character as to satisfy the 
ouncil of the Institute. When the existing institutions make provisions suffi- 
ciently varied and extensive to meet the reouirements of a community, the guilds 
make no effort to establish a separate school there. 

The guilds also encourage the formation of evening classes, in which boys and 
men engaged in the performance of their duties dunng the day receive special 
instruction in the principles of science, and in the application of these principles 
to the various processes that engage their attention m the shops and factories. 
They now assist in the support of evening classes in technology, as distinguished 
from the Government claisses in science and art, in nearly all the large centres 
of industry. 

The giiilds of London have also established, and propose to maintain, a great 
central institution at South Kensington, near the National Industrial Museum central insuta- 
and the South Kensington School of Science and Art. This central institution ^^^^ ^^ South Ken- 
is similar in many respects to the polytechnic schools of Germany, Switzerland "^'^c^'^* 
and Italy, and to the £co]e Centrale of Paris. It is designed to supply the 
instruction and training that cannot be obtained in any of the smaller technical 
schools, and to give the highest possible training to manufacturers, managers, 



12 



Notloe of a few 
flchoolB sustained 
by Industrial cor- 
porations. 



Attendance at 
sobool a condition 
ot employnient ot 
apprentices. 



foremen, and teachers of technology. This institution will afford an opportunity 
to many ambitious young artisans to secure the^iighest technical training who 
otherwise could not do so, as their circumstances would not permit them to 
attend any of the polytechnic schools on the Continent. 

The City and Guilds of London Institute is thus one of the most potent educa- 
tional organizations in Europe, and if it continues as it has started out, its 
achievements in behalf of industry and the industrial classes will be without a 
parallel in the history of the world. Its magic influence is already felt and 
acknowledged throughout the length and breadth of the kingdom. 

Conspicuous among the schools in England sustained by industrial corpora- 
tions for the benefit of their employes are those of the London and Northwestern 
Railway Company at Crewe, of Sir William Armstrong & Co. at Blswick, and of 
Messrs. Mather & Piatt, extensive iron manufacturers, at Salford, near Man- 
chester. The object of each of these schools is to enable apprentices to study 
the sciences all^ to their trade. The first two of these schools do not make 
attendance compulsory, but as the companies sustaining them each employ about 
ten thousand workmen, the evening classes are attended to their full capacity 
by voluntary students. At Crewe the number enrolled in the school for the last 

J rear exceeded sis hundred, which was as many as could be accommodated in the 
arge school building which has been erected and equipped by the London and 
Northwestern Railway Company. Among these voluntary students were^ many 

S' urnevmeu who were ambitious to surpass their present educational attainments, 
i. Webb, the efllcient General Manager of this company, was the moving spirit 
in the organization of the school at Crewe, and he continues to be an earnest 
advocate of technical training for railroad employes. 

Messrs. Mather & Piatt require all their apprentices, as a condition of employ- 
ment, to attend the evening classes in the technical school which the firm has 
established, and the manager of their works claims that the boys make better 
headway in acquiring their respective handicrafts by acquiring the related 
technical knowledge at the same time. 

The theoretical instruction in all three of the schools just referred to is very 
much the same, including mathematics, mechanics, physics, chemistry and 
engineering. Instruction is also afforded in drawing, machhie construction, 
building construction, and the use and care of tools. 



Exhibit H. 

Mr. Alexander Stephen, in a speech before the graduating class of the Allen 

Testimony of Mr. Glen*s Institution, Glasgow, made some pertinent remarks on the subject of 

Stephen, of oias- technical education, the substance of which was that it is onlv within the last 

'^^* few years that the importance of teaching science subjects in the schools of the 

country has come to be realized, and it is satisfactory to observe that the desire 
for this teaching is increasing from year to year. In past generations facilities 
for obtaining a knowledge of science subjects were very limited, but now there 
are institutions and schools where the studies can be carried on which lay the 
basis and give the taste for science training, so that when the student goes 
forward to the practical work of daily life, he is the better fitted to take a leading 
part in the performance of its duties. If the young student can be got to master 
the first principles of any science to which he may have given his attention in a 
technical school, he has put himself in the way of being able to prosecute 
scientific studies successfully in after years, and may even rise to distinction or 
confer a boon upon society as a consequence of his researches. At the same 
time the boy is acquiring manual skill he should have an opportunity to continue 
his elementary education, which will otherwise be of little value to him. The 
technical school affords thid opportunity, and while the boy is taught to do he is 
also taught to think accurately on scientific subjects. Science teaching becomes 
more and more necessary for the development and success of the manufacturing 
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ftnd other industml interwtf of the oountrr. It is a Uot that, owhig to the 
greater attention that other ooantriee have giTen to technical teaching, m have 
Men obliged to hare reooaree to foreigners to fill positions as designers in our 
ftMStories. I am informed that this is so in Glasgow, but I think that we are now 
on the road to overcome this necessity. 

In the report of the Rojal (Commission on technical instruction it is stated, 
allndhig to schools in other countries, tliat the best examples of higher element- 
ary schools are to be found in France ; and in these schools it is said that *' the 
children of artisans and of small shopkeepers have opportunities of obtaining an 
education which is technics 1 in so far as these studies are directed toward the 
requirements of commerce, mechanical or mannf^turing industry — mathe- 
matics, science and drawing constituting the main subjects of instruction. And 
in nearly all the modem French school^-— of which that at Rheims may be taken 
as the best type — the laboratories for teaching practical chemistry leave nothing 
to be desired. In these schools the workshop instruction is carried^to a much more 
advanced stage than is possible or desirable in the elementary schools ; and there 
are special departmentB, replete with models, apparatus and specimens, for 
teaching the technology of the trades which form the staple industries of the 
district in which these schools are situated." The Qermans are considered to be 
much ahead of us in technical training, but, now that we have made a start, I 
trust that we shall soon be ahead of them. Improvements and new discoveries, 
whether in engineering science or in other mechanical contrivances, are most 
likely to be made and applied in the light of scientific knowledge. 

Sxhibit I. 

THE MABTIN SCHOOL, LTONS, FRANCE. 

[Extracts fbom Ripobt op British Commissionrrs.] 

This school was founded 50 years ago by a bequest from Major-Oeneral 
Martin, who left Lyons a ^r toy, fought against the English under Tippoo 
Sahib, and entered the service of the Eitft India Company after Seringapatam 
had fallen. More than 90 years elapsed before the city of Lyons could recover 
his legacy from the Indian courts, and the school was at length established in 
1880 on the remnant saved from the lawyers. The school was intended to give 
to the poorer classes of Lyons an education which should enable them to improve 
their position in after-life. M. A. Monmartin thus sets forth the object which 
the founders of the Martinidre had in view in creating this industrial school. 
" The intention of this school is to instruct the son of the workman, of the 
artisan, of the small manufacturer or the tradesman of Lyons gratuitously in 
the sciences and arts applied to industry ; to develop in him, on the sole condi- 
tion that he is intelligent, moral and industrious, those aptitudes which will 
most surelv conduct him to well-being, if not to fortune, and to create new 
elements ox productive force and of future prosperity to the country." 

The building, adapted and furnished at a cost of $200,000, contains good 
class-rooms, each capable of accommodating 80 pupils, a very large drawins- 
room, in which all the pupils of the different divisions can work at once, worE-j 
shops, latoratory, museum, librarv, council-room, director's office, etc., together 
with several dwelling-houses for the head master and other officials. 

The school is presided over by an administrative commission composed of seven 
members, who are nominated by the Minister of Agriculture and Commerce on 
the recommendation of the municipality. The appointment is for seven years, 
and one member retires annually, but is eligible for re-election. The Mayor of 
Lyons is the ex-^ffioio President of the Commission, and the trustee of the fund, 
under the will of lAajor-General Martin, is the Vice-Prssident. This committee 
appoints and dismisses the teachers, selecting them as far as possible from the 
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old students of the aohool, but the^ miiBt have completed their inBtraotioii m 
masteny and ha^e obtained the diplomas of seoondarj teaohers, and, for em- 
ployment in some branches, of superior teachers. 

A principal, a vice-principal, and five superintendents form the administratiTe 
staff, and the instruction is carried on under the care of 40 masters and 10 
assistant teachers. These latter coustitnte a division of masters in training, and 
form an inteml part of the or ([anisation for teaching, as well as for discipjjnatT 
purposes. Tnere are also a registrar and a chemical assistant. * * * 
f Tne Professional School of Kheims is a school of a somewhat higher type than 

^ the foregoing, and is one of the best of the higher elementary schools which the 

(Commissioners have seen. It was founded on the model of the schools of Mul- 
house and Nantes, and differs from the Hartini^re school by the further develop- 
ment of manual labor in the shops. 

The school was established in 1875, in order to impart to the youths of the 
city of Rheims special practical knowledge of manufsictures, and to train them 
early to satisfy the reqmrements of her trade and commerce. A municipal com- 
mission composed of city councilors, leading manufiicturers and tradesmen of 
the district came to the conclusion that professional education ought properly to 
be the continuation and the normal development of primary education, and that 
such a school as this should draw its pupils from those children of the elementary 
schools who had passed a satisfactory examination. 

There is an entrance examination for those who do not possess the leaving 
certificate of the primary school. The boys enter the school at about the age 
of thirteen, and the course of study extends over three years. During the first 
two years all the pupils pass through the same course of theoretical and prac- 
tical instruction, and the course up to this point serves also as a preparation for 
the &ole des Arts et Metiers at Chalons. Very few boys leave at the end of the 
second year. There is an examination at the end of each year to determine the 
promotion to the superior division. 

In order, moreover, in the brief space of three jears to train up these bovs so 
as to be capable of rendering real service on quitting the school, it has been 
found necessary to enable them to supplement their theoretical studies with 
practical work analogous to that which they will have to practise in their future 
profcBsions, and to place at their disposal a complete and well-organised plant 
for this purpose. Rheims has spent $80,000 to $100,000 on this plant, and has 
thus placed her schools in the first rank of similar institutions. 

Hie school has quadrupled its number of students since its foundation in 1875, 
and the number of boaraers would be largely increased if sufficient funds were 
available to defray the cost of another boarding-house. This school received 
the gold medal at the Exhibition of 1878. 

Thx Pbofessionil School op Rouxn. 

■ 

The Professional School of Rouen is another school, much of the same t|pe 
as the foregoing, but in which more attention is paid to mechanical industnes. 
This school, which was also visited by the Commissioners, was founded in 1858. 
The director is M. Delarue. The special object of the instruction is to prepare 
youths to enter the &ole des Arts et Metiers, but a certain number of the pupils 
leave the school to enter at once into practical work. The bulk of the pupili 
are the sons of the small tradespeople of the town ; some of them enter with 
scholarships given by the Government, or by the municipal authorities. There 
are six exhibitions nven by the city of Rouen, twelve by the Department, and 
four by the State, llie education at this school became gratuitous under the 
law of July, 1881 . The school expenses, hitherto paid by the town, have amounted 
to about £11^ annually. The school course, which combines both theory and 
practice, extends over three years, and is conducted in very indifferent premises. 
The boys must be at least twelve years old on admission, and must have the 
amount of knowledge necessary for the primary-school certificate. Prises and 
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medalfl ftre giren to deserving pupils at the end of each year. Freqnent Titits 
are paid to works and factories. There is a chemical laboratory, but the in- 
struction in this subject sdems to be inferior to that of the Rheiins school. In- 
struction in the English language is ffiven to all the pupils. There are about 
140 students, half of whom are ooaroers, and there is a preparatory course for 
the joun^r boys. The hours of theoretical study are from 7 m the rooming 
till at night, with three hours of recreation, and in the evening two hours of 
manual work. They therefore have eight hours of class work and two hours of 
manual work per diem. The practical instruction consists in working in wood 
and iron. The handicraft work is carried on in a large room lighted from the 
top, having desks for drawing down the centre, and working benches asainst the 
walls ; all the pupils work in this room at the same time. The pupils are put 
through a graduated series of manipulations ; for example, in smiths' work and 
turning of iron, each pupil has to make in suocessbn every one of the hand-tools 
mentioned in a list and figured on a table hung up in the workshop. The board- 
ers pay from £d4 to £26 per annum. Many (Xt the pupils, after Having passed 
through the school, ultimately obtain situations as foremen ; others enter the 
Government schools of Ch&lons or Angers. At a recent examination, ten pupils 
from this school presented themselves for the entrance examination for Ch&lons, 
and nine were admitted, being one-eleventh of the tot«l admissions for the year. 
This fact was quoted to prove that the school is a good one. 

The director stated that the object of the education was not to form foremen, 
but rather to give a gwieral edusattonf calculated to serve as the basis for many 
trades. He pointed out a school museum containing specimens of various prod- 
ucts for object lessons, and stated that similar museums were about to be formed 
in all primary and higher elementary schools in France. Amongst the speci- 
mens, the Commissioners noticed a Prussian soldier's helmet. On being asked 
why it was placed there, the director stated that it was picked up during the 
German invasion, and added that it was his custom to point out to his scholars 
that France lost her best provinces through the superior education (k the invad- 
ers, and the helmet served as a constant warning and stimulus to the students. 



Ezhil>it J. 

Westphalia, Germany, is a great centre of iron and steel manufacture. In 
order to supply their shops with competent managers, foremen, and workmen, 
the employers have succeeded in establishing a number of schools designed to 
oombine theoretical scientific instruction with workshop practice, and the success 
of this attempt has been very satisfactory. At Bochum is situated one of the 
best of these schools. It was the result of private enterprise, and is gaining in 
efficiency each year. Instruction is given In moulding, steel-working, iron-roll- 
ing, smithing, fitting, turning, and pattern-making, together with drawing and 
\Mi elementary and higher science. In order to insure that the instruction 
should not run into the purely theoretical, no student is admitted who has not 
served a year or more as workman in some shop. This preliminary service, it 
is claimed, leads students to appreciate and apply the instruction given in the 
school. 
^- The employers of labor in Westphalia lay great stress upon attendance at the 

?-- evening schools, requiring all boys under 18 in their employ to attend the clanes 

two or three evenings of each week. A register of attendance is kept, and this 
is daily inspected by an overseer, whose duty it is to look after all absentees and 
see that they give a satiafaotory account of themselves. It is said that parents 
willingly co-operate with the employers in securing regularity of attendance at 
the schools, and that the boys usually appreciate the instruction afforded 
them. 
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Sxhibit K. 

J. O. Fitch, an English educator of acknowledged 
ability, says : 

We shall, I hope, ere long, oome to the oonclusion that the true way to recog- 
nize the claims of what are called modern subjects is not by the erection of 
separate modern departments, but rather bj taking a wiser and more philo> 
sophioal view of the whole range and purpose of school education. 

It is not good that the boy who is to be a elassical scholar should grow up 
ignorant of physical laws. Still less is it good that the boy who shows a leanii^^ 
toward the natural sciences should be debarred from the intellectual culture 
which literature and language give. • * • 

There comes a time, no doubt, when it is clear that we should specialize, but 
this time does not arrive early ; and, until it arrives, it is important that we 
should secure for every schoUr a due and harmonious exercise of the language 
faculty, of the loeical faculty, of the inductive faculty, as well as of the powers 
of acquisition and memory. 

In this connection the following quotation from the 
catalogue of the Ohio State University is very appro- 
priate : 

In nearly every department of life the demand for knowledge and skill is 
constantly rising. The public i» learning to appreciate qusJity in work. Facility, 
precision, finish, are acquiring new value. As a consequence the chances of the 
untrained and the ill-trained are rapidly diminishing, and those who presume 
to adopt pursuits without the requisite preparation find themselves placed under 
disadvantages that grow more serious eveiy year. 

To meet this increasing demand for a higher order of training, new educa- 
tional methods are being mtroduced. That men may be well equipped for their 
work, it has been found necessary to make their prepliration for it a part of 
their education. The young man who is to become a civil engineer should 
receive practical training as an engineer. If he is to become a chemist, he 
shoidd receive practical training in the laboratory. Many look no farther than 
this ; but technical training should be based on scientific training. The civil 
engineer should not be content with knowing how to handle his instruments, 
but he should be a mathematician of extensive attainments and ready skill, and 
should be master of the principles of physics and mechanics. The chemist 
should not rest in a knowledge of processes and manipulations, but he should 
be well versed in chemical philosophy. In medicine, in law, in teaching, on the 
farm and in the shop, in every occupation which involves human interests and 
requires the application of human intelligence, empiricism should be supplanted 
by scientific knowledge. 

There is no employment in which intelligenoe is not worth more than mere 
manual dexterity. A man of scientific knowledge and training, other things 
being equal, will even shoe a horse better than one who lacks them. The 
educated hand is a hundred times better than a hand without education. But 
the educated hand is made a hundred times better by being placed under the 
direction of the educated brain. 
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Exhibit L. 

Note. — This exhibit contains a brief account of the Jt^*""*"*""? 

afforded In IT. B. 

nature, organization, and work of most of the leading in- ^IiSi^^"*^* 
dustrial schools of the United States, including the industrial 
departoQients of some of the great universities. It aims 
to show to what extent facilities for technical education 
are now afforded in our country. The information has 
been obtained front various sources. In some instances 
extracts have been made from reports without giving 
credit. 

TnK Rose Polytecukic Institute. 

The Rose Polytechnic Institute at Terre Haute, Indiana, is one of the best 
endowed and most promising of all the schools supported by private endow- 
ment, and providing for higher technical training on an extensive scale. Mr. 
Ghauncey Rose, its liberal Uenefactor, placed over half a million dollars in the 
hands of* trustees for the endowment of an industrial educational institution to ^ 
be located at Terre Haute. He instructed the trustees to obtain all the informa- 
tion they could relating to European and American schools, and then to incor- 
porate the best features of these into the school they were about to establish. 
The institution has now been in operation for about ten years. It has an annual 
income of $30,000, and a reserve fund of $75,000. It is an institution of great 
promise, and will undoubtedly result in great good to both laborers and employ- 
ers within reach of its beneficence. The trustees of this school have lately 
given evidence of far-seeing wisdom by the election of Dr. T. C. Mendenhall 
to the presidency, and in giving him large liberty in shaping the policy and 
managing the details of the institution. Although they have to pay Dr. 
Mendenhall a salary of $5,000 a year, yet his attainments in scientific and 
mechanical knowledge are so great, his experience in teaching and in original 
scientific research hAS been so extensive and successful, and his characteristic 
energy and executive ability are so desirable in a school of this kind, that his serv- 
ices as president will be well worth that amount. With its liberal endowment 
and able management, the country at large has a right to expect great things 
from this young institution. 

Tub Cooper Institute. 

The Cooper Institute of New York City, established and supported by the 
munificent bequest of the late philanthropic Peter Cooper, is one of the most 
practical technical schools in America. It affords free technical instruction to 
both sexes, and is especially designed to meet the wants of the working-clASses 
by aifording them practical instruction in science and art. The spirit that {per- 
vades the m^inagement of the institution is such as to be in keeping with the 
object for which the school was founded. That the working-people appreciate 
the opportunities of improvement thus afforded them is proved by the large 
number of students who annually attend its classes. In 1883 the number of 
pupils was about 40OO, and more than half of these attended the evening classes 
after having been engaged in the discharge of other duties during the day. 
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Thero have been more than 3000 students in the evening science and art classes 
at one time. The science teaching is done by able instructors, and is designed 
to be especially useful to artisans by relating to the various occupations in which 
they are engaged during the day. The labors of the students are of a practical 
character, and the finished products that are possessed of merit are disposed of 
to various business firms of the city, the proceeds of the sales going to the stu- 
dents who turn out the products. In one year the students earned 940,000 for 
work executed in the school at the same time they were receiving instruction in 
science and art. 

The library and reading-room are a prominent feature of this institution, and 
the average daily attendance at these places is 1500 persons. 

MkCBANICS* InSTITUTB, CiNCINlTATI. 

_ ■ 

At Cincinnati, Ohio, there is a Mechanics' Institute, established in 1829, for 
the purpose of furnishing educational aid to mechanics, manufacturers and 
artisans. Efforts are now being made to organize in connection with it a com- 
plete school of technology. 

Clkvelakd and Toliedo. 

Both Cleveland and Toledo have industrial schools that have been quite 
liberally endowed, the one to the extent of $125,000, and the other $100,000. 

Pasdee SciBNTinc School. 

The Pardee Scientific Department of Lafayette College, Easton, Pa., has an 
endowment of $200,000, and buildings and equipment that cost $800,000, all 
the gift of one man. This endowment was made with special reference to the 
promotion of scientific education. In some departments of science, such as 
metallurgy and engineering, instruction is supplemented by practice. 

MiLLBB Manual Labob School. 

The Miller Manual Labor School, Batesville, Albemarle County, Va., has only 
lately been organized. It is richly endowed, to the extent of one million dollars, 
bv the will of the late Samuel Miller, of Batesville. It is designed to afford poor 
children an opportunity to obtain a practical education. Manual labor is re- 
quired of all the pupils in the several departments of industry. Already in- 
struction is given m carpentry, telegraphy, fanning and gardening. 

Working Man's School. 

The Working Man's School, another institution of New York City, is designed 
to meet the wants in a practical way of the laboring classes. The school is 
designed to educate children for industrial pursuits in such a way that they may 
become thoroughly intelligent and dexterous working men and women in some 
particular department of industry. The projectors of the school are endeavor- 
ing to carry out what they call the creative method in school training. The 
plan is to continue the svstem of kindergarten training, only adapting it to the 
various ages of the pupils. The education of the brain is to result from the 
training of the hand and the eye. Pupils are to learn by doing. The workshop 
and the school-room here become practically the same thing. 

This school, which has now been in successful operation for a period of about 
seven years, is supported by the '' Society of Ethical Culture." 
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Industrial Tbaindto in Cornell University. 

The industrial departments ef Cornell Universitj, Ithaca, New York, are per- 
haps the roost practical and efficient of any that are maintained in the higher 
institutions of our country. Although designed for only advanced stndents, the 
conraes of study are so judiciously arranged, and the conditions of admission so 
liberal, that the instruction is really accessible to a large number of promising 
students. There are courses in agriculture, mechanic arts, civil engineering, 
mining engineering, applied mathematics, electricitv and electrical engineering, 
free-hand drawing, chemistry, and physics. The farm contains 120 acres, and 
is used for experimental purposes. Students of agriculture spend several hours 
each week in the performance of manual labor on the farm, thus liaving oppor- 
tunity of reducing their theory to immediate practice. 

In connection with the department of Mechanic Arts there are a brass 
foundry, a blacksmith shop, and various kinds of machines and tools, and these 
are frequently used by both teachers and students. No other institution of so 
high standing ia doing so much in the way of advancing the industries and en- 
couraging the development of our great resources of wealth as is being done by 
the industrial departments of Cornell University. About one-fourth of all the 
students in the institution are receiving technical instruction. 

School of Mines, Columbia College. 

The School of Mines of Columbia College affords excellent practical instruc- 
tion of an advanced cliaracter to students of mining, engineenng, architecture, 
and certain kinds of machine construction. It is one of the very best schools 
in America for young men of means and talent who desire to fit themselves for 
the management or other prominent positions in the great industries. Students 
in mechanical engineering are required to devote a certain amount of time to 
shop practice, in which they are taught the use and care of tools, besides 
acquiring some skill in practical work. "The professors take out companies 
of stndents to mines, smelting works, iron works, and machine shops, to dem- 
onstrate their theoretical teaching by practice on a commercial basis. Students 
are encouraged to seek actual emphymeni in various worlcs during vacations, 
and many do so." 

Thb Massachusetts Institute op Technology. 

The Massachusetts Institute of Technology has deservedly attained a world- 
wide reputation. It was organized in the year 1801, under State charter, as 
an ''institution devoted to the practical arts and sciences, having the triple 
organization of the society of arts, a museum or conservatory of arts, and a 
school of industrial science and art*' The object of the institution was the 
advancement, development and practical application of science in connection 
with arts, agriculture, manufactures and commerce. 

Unlike the industrial departments of Cornell University, the Massachusetts 
Institute of Technology has courses of instruction adapted to intermediate as 
well as to advanced students. Boys may go directly from the public schools into 
this institution and take a course of technical training of two or more years 
that will enable them to enter at once upon an industrial career with prospects 
of success. 

The eq^uipment of the class-rooms, laboratories, workshops, museums and 
libraries m this school is better for the kind of instruction attempted than can 
be found in any other technical institution in our country. 

That the school is eminently successful is evident from the large number of 
promising students who seek admission to the cUsmi, and from the great de- 
mand that always exists among employers for the services of those who have 
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received the training which the school affords. Graduates of this institatfon 
are to be found occupying positions of prominence in almost every part of the 
United States. 

Worcester Coukty Fbek Institute of Industeial Science, Mass. 

This technical school was chartered by the MasFachusetts Legislature in 1865 
and opened in 1868. In its general plan it follows the polyt^huic schools of 
Europe, but gives special prominence to practical work. 

Candidates for admission must have attained the age of 16, and passan entrance 
examination in history of the United States, geography, grammar, arithmetic, 
algebra and French. Candidates can enter advanced classes by passing the 
necessary qualifying examinations. 

Residents of Worcester County are educated gratuitously, and there are also 
20 free studentships open to persons resident in other parts of the State of Massa- 
chusetts. Other students pay $150 annually. 

The instruction is based on mathematics, living languages, the physical 
sciences and drawing, together with a practical familiarity with some branch of 
applied science, and serves for the training of mechanics, civil engineers, chemists 
ana designers. The courses extend over three years of 42 weeks each, except 
the mechanical engineering course, which is one of three and a half years. After 
half a year's attendance at the school each student must decide upon the special 
branch of study which he will take up-— viz. : chemistry, civil engineering, physics, 
or drawing. The mechanical engineering students commence work in the shop 
immediately on entering the school. 

Certain studies are common to all departments, the school aiming at giving a 
complete general education. 

The Institute grants degrees to students who pass with distinction through its 
courses. 

Over 90 per cent, of its graduates have easily obtained honorable and lucra- 
tive employment. 

The most interesting feature of this school is the Washburn machine shop, in 
which the mechanical students spend two days per week of five hours each under 
the tuition of skilled workmen. This shop is a manufacturing establishment, 
and so the students work under manufacturing conditions, and with the best and 
most recent tools and nmchinery. In the wood-room the students go through a 
course of bench work, wood turning, and machine sawing and planing ; and 
in the iron-room through a complete course of vise and lathe work, milling, 
planing, screw cutting and tool making ; finally receinng instruction in design- 
ing machinery and undertaking the construction of complete machines from 
their own drawings. It is expected that at the end of his course the student 
will have a mechanical aptitude equal to that of any ordinary apprentice of 
the same years' standing, whilst he will have received at the same time a sound 
scientific education. 

This school is said to have a yearly income of about $25,000, while the average 
excess of expenditure over income is about $3000. 

Washington Univbrsitv Manual Training School, St. Louis, Mo. 

In addition to the previously existing collegiate and professional departments 
of the University, a Manual Training School was established in 1879. The land, 
building and equipment have cost in all nearly $05,000, the money having been 
contributed by private individuals. 

Candidates for admission roust be at least fourteen years of age, and must pass 
an examination in arithmetic, geography and English composition. The course 
of instruction extends through three years, and embraces arithmetic, algebra, 
geometry, plane trigonometry, book-keeping, physics, mechanics, mensuration, 
mechanical drawing, physical geography, English language and literature. 
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pmctical ethics, political economy, music, and shop^ work. The shop work 
occupies two hours each day, and includes carpentry, wood turning, pattern 
makmg, forging and machine work in iron. 

Besides the students of this school, students in other departments of the Uni- 
versity are allowed and advised to take shop work. At present there are 170 in 
all who have shop exercises. 

In arranging the work, regard is paid to its edacational, and not to its com- 
mercial value ; and no choice is allowed to the student in work or in the studies, 
as the object is not to teach any particular trade, but to lay a good general broail 
foundation for subsequent special pursuits. 

GiBARO College, Prilapklpuu. 

This institution possesses property which has increased in value rapidly and 
very largely, and the college now maintains and educates over 800 orphan boys. 
Shop work in iron was introduced in April, 1882. The manual instruction is 
proving very'acceptable and beneflcial. It finds an nn(|ue8tionab]y appropriate 
place here, since the college does not aim at the highest standard of instruction 
in literature and science, but seeks nvther to prepare those under its tutelage for 
making their own living by industrial pursuits* 

Stkvbns Institute. 

The Stevens Institute of Technology was established in 1872. The aim of the 
school is to afford a thorough technical trairing in mechanical engineering, by 
combining theory and practice in the instruction. Great stress is laid upon 
mechanical drawing, original designing and mechanical const raction. The 
school is well supplied with workshops furnished with all kinds of machinery 
pertaining to the subjects that are taught. The sHop instruction includes actual 
practice in moulding, castin"^, turning, planing, drilling and fitting. No attempt 
is made at teaching trades, but students are so tlioroughly instructed in the use 
of tools and the principles involved in engineering that they may very readily 
learn to be efficient mechanics and managers in the works where they obtain 
employment. This school furnishes another instance of the practicability and 
desirability of combining theoretical and practical instruction. 

Rekssblaeb Polytkchnio Institute. 

This is a school of theoretical and practical science, at Troy, New York. As 
a school of engineering it holds deservedly high rank. Its graduates have taken 
a prominent part in some of the greatest engineering feats of this country. In 
railway construction, waterworks, bridge building, and in large industrial estab- 
lishments, they have demonstrated the great value of practical scientific knowl- 
edge and training. The engineer of the Brooklyn Bridge was educated at thiK 
schooL 

Mechanccal Course, Purdue Univbrsitt, Lafayette, Indiana. 

This University provides for a technical and scientific course. It has a well- 
equipped chemical laboratory, a large physical laboratory, a choice museum of 
natural history, a large geological cabinet, and other appliances for scientific 
training. 

The first two years of the mechanical course afford technical training for 
machinists and other mechanics, and are a good preparation for a course in civil 
and mechanical engineering. The course provides for two ^ears of shop practice 
(two hours daily), and one year's instruction in mechamcal drawing, besides 
instruction in mathematics, science and English. 
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School of Agriculture ajxd Mkchanic Arts, Uniyersitt of Galtforitu. 

This is one of the most important schools of practical science in America. Its 
students enjoy the benefits of a splendid library of 20,000 volames, as also of 
extensive and well-equipped laboratories and museums. Engineering, mining, 
and agriculture are the principal technical subjects that are taught. 



Eadiibit M. 



Extracts from 
Mr. Bill tiler's re- 
port. 



Mr. Mather, in concluding his report to the British 
Commissioners on Technical Education in the United 

States, says : 



TochulcHl aud 
sclonce schools in 
America. 



T]i«He .««chools 



It will be seen, from the foregoing description of the technical and science 
schools, that there exist in America a certain number of higTh^ckua institutions 
for technical and scientific training in mining, civil and mechanical eninneering. 
I am of opinion that in these branches, judging from my ovn observation, there 
is nothing better of the kind, though such institutions are more numerous at 
present in Europe. The advantage of the training in the best of them is its 
practicalness. The students feel that careers are open to them if only they have 
acquired the art of applying their knowledge; hence their ambition is excited, 
and every one of them appears to be working for a definite purpose. There is 
nothing pretentions about these students. Some of them are poor, btit they 
must have shown marked ability in order to get the advantages of the free, or 
partially free, instruction. Thus a limited number of clever sons of working- 
men have the road opened up for a thorough scientific training, if they can 
afford to give the time. 

It is much to be deplored that in the majority of institutions in America 
where science is taught in the abstract there are no departments arranged for 
such technical training as exists in some I have describea. 

The demands made upon those which give technical instniction arc greater 
fyimV(^'8ui)i>iy*the than they can satisfy. This accounts for the high f^ charged, and also for 
demand for iiidua- the fact that the advantages of such technical schools are in the main confined 
trial tniiDiug. jq |j^g go^g ^f wealthy manufacturers or professional men. 

The lower-grade science schools connected with the numerous colleges in 
every State, and semi-prirace institutions, as described imder the head of 
" Universities and Colleges,*' are rendering considerable service in the direction 
of science-teaching to a less wealthy class in the country. Their courses of 
study, however, require remodeling. To each one of them ought to be attached 
departments similar to those at Cornell University and Washington University, 
with ample provision for the admission of free students. 

There appears to be excellent provision made in America in such colleges as 
the Johns Hopkins of Baltimore, and Columbia College of New York, and the 
like, for the training of able professors and for the continued development of 
original research in all the sciences. The ''Sheffield School of Science,*' con- 
nected with Yale, and the ** Lawrence Science School " of Harvard University, 
may also be classed amongst institutes aiming at the higher education in scien- 
tific knowledge. 

There are also sufficient schools and colleges, aided by the taxes of the people, 
to supply, if properly used, ample opportunities for the whole industrial popula- 
tion — proprietors, foremen and workpeople — to acquire, in early life, a sound 
scientific education by means of a technical cour.<e of studies. The only change 
required is in the curricula of such institutions, and the broadening of their 
systems to the wants of the age. 



23 

There can be no doubt that America owes much alreadjr to the schools which 
exist for technical education, though not actuaUv helpmg the artisan class. Much hae been 
Many hundreds of young men have been furnished from these sources for the gchw)?/ ^^^^^ ^^^ 
superiotendence of inilway works, mining operations, machine shops and the 
textile indusrries, besides -chemical work, glass manufactories, builaing opera- 
tions, agriculture, etc. I have met in almost all the manufactories I have 
visited— from mining, iron and steel manufacturing, through all the mechanic 
arts, up to watchmaking and sewing-machine manufacturing— evidences of the 
influence of the technical schools. 

From many conversations with owners of industrial establishments, I And the 
prevailing idea to be that everything appertaining to education is to be done in depend ou public 
the public school. Moreover, the general aptitude, inventiveness and industry schools, 
of the American young men, animated always bj ambition, and backed by the 
ability to read, write and reckon well, have furnished employers with intelligent 
mechanics after a comparatively short service in the workshops. All Americans 
have, more or less, the mechanical faculty. It is the characteristic of the race. 
The problems involved in settling the. country have been more mechanical than 
political. In early times almost all men and all women were engaged in manual 
work and in exercising their wits to avail themselves of the forces of Nature. 
To this natural bias the public-school education gave the means for higher de- 
velopment. The demand for mechanical contrivances to save labor held out the 
promise of great 'reward, and the protection of cheap patents gave confidence 
and security. Thus the workingmen of America have been educated and brought 
up under conditions diiferent from those prevailing in Europe. 

It is impossible to traverse this vast continent without witnessing the evidences 
of originality of application founded on scientific principles, and of a develop- AmeriaiiUuKo. 
ment due to education in the mechanical arts. In the railroad system, from the nuity. 
locomotive to the baggage-car, there are original design and roarke<i ingenuity in 
every contrivance ; in bridge-building, great daring and ready devices for tem- 
porary, yet safe, structures ; in the navigation of rivers there are boats which 
differ from all European systems. The slialluw rivers, like the Mississippi in 
summer, are navigated for a thousand miles by steamers drawing less than 
twelve inches of water. The Ohio conveys from Pittsburgh thousands of tons 
of material by boats drawing nine inches of water. • Towns like Chicago. Den- 
ver snd San Francisco are built under difficulties which require an entire de- 
parture from all old methods of applying science. The produce of the great 
agricultural regions suggested new modes of tilling, sowing and reaping, and in 
agricultural machinery the Americans showed how quickly and directly science 
could deal with vast products which would rot on the field but for mechanical 
skill to preserve them. The same aptitude that dealt with the overwhelming 
ftbnndance of the West has tnrned to account the sterility of the East, where, 
in Maine, New Hampshire and Vermont, the mechanical skill of the farmer in 
devising economical methods has contributed as much to his support as his 
knowledge of cattle and crops. 

It is, of course, in the more recent structures and mo<lern mechanical appli- 
ances that the evidence of scientific truths and methods is observable. The f/Vjlj^!'\'*'." ^/. 
rough-and-ready contrivances of early railroad development indicate originality ^os'observnbio 
and ** mother wit " ; but in the waste of material and crudeness of design may only in more re- 
be noticed the absence of technical or scientific training on the part of those *^®°' structures. 
who conducted extensive engineering or mechanical operations in those days. 
The gradual diffusion of science is very marked in the rapid reconstruction, 
during recent years, of the great nulroads of the past and in the new main 
lines. Also, in railway plant generally, the old is being replaced by the new, 
and the latter exhibits high theoretical knowledge combined with practical in- 
genuity. 
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The Americans undoubtedly owe to European engineers the rapid advance 
AmcricaiiH owe they have been able to make in their piiblic works. The conservation of water- 
much to Europe, p^^^p f^^ ^he use of the mills at Lowell and Lawrence, in Massachusetts, is due 

to the eminent hydraulic engineer, Mr, Frances, an Englishman, who practised 
for forty years in America. The water rights of a district are held in trust for 
the whole community by a board or corporation elected for the purpose. The 
power is distributed according to the share which maj be purchased or rented by 
the users, but regard is had to the rights of all, and its utilization requires g^at 
skill nnd knowledge to prevent loss of power. Mr. Frances has had charge of 
this important work for many years, and is deservedly esteemed as the highest 
authority on hydraulic engineering in America. Although a lucrative field was, 
in the early days, open to European engineers and machinists having a thorough 
scientific knowledge of their profession, yet it is evident that they found apt 
scholars, who, as they acquired some theoretical science, launched out into new 
paths, untrammeled by the traditions of the older countries. 

Even the science of foreigners, when applied here, takes different methods. 
The Englishman and German become bold and self-confident to a degree only 
manifested by rare men in Europe. The everlasting thirst for something new 
excites, stimulates and drives men to venture into untrodden paths in applying 
their knowledge. In the manufacture of machine tools and every kind of 
mechanism where the interchangeability of parts would be an advantage, the 
design and construction have been made sabservient to this law. It may be truly 
said that the A mericans have carried to its utmost limits one of th» greatest 
improvements in modern times in mechanical construction — namely, in their 
extensive introduction of the principle of the interchangeability of parts in ma- 
chinery. Watches, sewing-machines, tools, agricultural implements, printing- 
presses, firearms, etc., are made with an accuracy so fine as to approach the 
theoretical, and yet more cheaply than the rudest and most imperfect work. All 
these evidences of scientific skill speak well for the methods of education in the 
recent past, so far as it goes; but other influences, such as *' necessity, the 
mother of invention," and the presence in America of foreign experts, will 
account for much of the rapid growth in the mechanic arts. 

The future development will depend upon a population not compelled to dare 
and endure and experimentalize for ''* very life.'' In the past the waste of ma- 
terial has been excessive. To make the best use of a given quantity of material 
requires a sound knowledge of its properties and of its disposal in the arts and 
manufactures by scientific methods. In this direction the technical and science 
schools already instituted have accomplished much in providing foremen 
and managers, chemists, miners, and intelligent employers in the engineering 
and manufacturing industries. Some extensions of these institutions are now 
being promoted. One significant indication of progress in this direction was 
affoi^ed me during my travels. I attended a convention of about a thousand 
teachers, professors and principals of schools and collesres at Saratoga, and 
another similar gatherinfi: in the White Mountains. The discussion of technical 
and industrial training was the chief feature of the conventions. I was much 
impressed by the high qualities of culture and character which distinguished 
this truly ** Urand Army of the Republic'* in its 300,000 teachers, as represented 
at these meetings. If this force should be directed by a change of tactics, so to 
speak, in the schools to scientific and technical instruction, and to less concen- 
tration upon purely literary subjects, there can bo no doubt that America will 
solve the industrial -education question more rapidly than any other country and 
utilize it in the further development of her inexhaustible resources. 

It must not be supposed that Nature has bestowed her gifts over this continent 
in such wise that they can be enjoyed without much skill and labor in the gath- 
ering of them. No country offers more difiicult problems to the engineer, the 
agriculturist and the manufacturer. A climate of extremes ; a scarcity of water 
in the West ; the difficulties of cheap transport and distribution, all require the 
highest qualities of self-reliance and endurance, with scientific knowledge, in 
the progress of the future. ♦•♦•••••• 
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This splendidly endowed institution (the Johns Hopkins' Uniyeraity) is taking 
rank amongst the highest universities of America. The regular curriculum of a 'Yhns Hopkiiui 
imirersity course is followed here. The University was opened seven years ago. ^"*^*''^»"y- 
The bequest of Johns Hopkins amounted to £700,000. The interest was allowed 
to acontnulate until a sufficient sum had accrued to enable the trustees to erect 
handsome and commodious blocks of buildings on land bequeathed by the founder. 

This University is devoted chiefly to the highest branches of education in mathe* 
matios, physics and medical science. It is conducted on the lines of Owens Col- 
lege of Mtinchester, with a bias more specially to original research and scientific 
discoveries, both in chemistry and physics, than to preparing for industrial pur- 
suits. There are no night classes, so that all the teaching is confined to those 
who can atford to pass through all the courses in the day classes. Dr. Oilman 
informed me they had some instances of workingmen having, at great self- 
sacrifice, come to them to obtain a thorough scientific education. The total fees 
for all subjects amount to £10 per annum. 

Dr. Oilman, in answer to my inquiries, stated that some of their professors 
had delivered popular lectnres to the working classes, but he did not regard 
these as having much influence on working- people generally, in relation to their 
occupations. He would gladly use the institution as a means of technical train- 
ing, out did not yet know of a scheme that was practicable there. 

One might exjiect from so richly endowed an institution a more direct rela- 
tion to scientific industry than appears now to be the case. With an income of 
£80,000 a year without fees, it would appear possible for a large amount of 
work to be done among the people of the city without in any degree diminishing 
the hififhest instruction in the advanced stages of literary and scientific knowledge. 

Baltimore does not possess any large or diftinctive manufactures. The tnAe 
is chiefly that of timber and grain export, with workshops for railway purposes. 
The Baltimore and Ohio Railway shops employ 8000 artisans, for whom there 
is little provision for science instruction oeyond the drawing classes I have 
described. 

I found much interest displayed in the question by the authorities of the rail- 
way to whom I was introduced, and they expressed their desire and intention to 
provide suitable science schools for their workpeople. 



Exhibit N. 

Perhaps no views are better worthy careful considera- 
tion than those of Dr. Philbrick, of whom the Commis- 
sioner of Education says : 

It is acknowledged the world over that to him is largely due the excellence 
of the Boston schools. A thorough man of affairs, accurate and broad in his Rx-(3oniniLB- 
scholarship, in the fullest sympathy with American institutions and ideas, he J'pintSifof'Dr** 
not only watched and guided the Boston schools that grew under his hands for phUbrick. 
twenty years, but, by travels and studies in different parts of this country, and 
two visits to Europe— one of which included official duties in connection with 
the Exhibition at Vienna, and the other the special organization, care and 
management of the American Exhibition of Education in Paris in 1878— he had 
the vastest oppr)rtunities for extensive personal observation elsewhere in school 
matters, and for philosophical deductions therefrom. In his retirement, and 
with his accumulation of literature, of observation and of experience around 
him, he has consented at my request to prepare the following report on education 
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in cities. * * ^ Every one will see that, to secure the fullest benefit to the millions 
interested in the wise administration of education in our cities, and the millions 
yet unborn to lie affected by it, the writer of this report (is) possessed of rare 
qualifications for the undertaking. * * * I may add ttiat I know of no more 
valuable study of city systems of public instruction than that presented by him. 

Extracts from Dr. Philbrick's Report on City School Systems of 

THE (Jnited States. 

Industrial Education. 

It may be well, in the first place, to define what is meant here by the term 

wbat Is meant industrial education, which is used rather loosely in the current discussions on 

cation "* ^^^ *^® subject. Some writers use it in the same sense as technical education ; 

better us^ige makes a distinction, however. J. Scott Russell, in his masterly book, 
'^ Systematic Technical Education for the English People,*' gives to technical 
education a broader meaning than that which belongs to industrial education, 
making it include all that education which teaches the knowledge required to 
fit men for some special mode of gaii;iing their livelihood, and thus embracing 
the instruction of the highest professional schools, as well us that given in schools 
designed to form the handicraftsman of the humblest degree. Non- technical or 
general education, on the other hand, is that which has for its object to train 
and send into the world able men of matured intelligence and ripened powers, 
good for all the vocatious of life and prepared to enter upon its duties with 
sound bodies, developed ability, and formed character ; but it is not designed 
, to communicate that special knowledge or to develop that special skill which fits 
a man for the particular calling or profession which he will have to choose as his 
life-work. This general education is the necessary basis and accompaniment of 
efficient technical education. Large education, broad development, a generous 
general training, are the best possible foundations of useful after-life, but they 
are only the foundations of the knowledge and skill requisite for professions and 
trades. This knowledge and skill it is the function of technical education to 
impart ; it gives that special training which renders the educated man both self- 
supporting and directly useful to society. I willingly adopt the signification 
given to technical education by so eminent an authority, although my choice 
would be to call all that education which is not general, professional, after the 
nomenclature of the French pedagogy. 

Technical education in this comprehensive sense is composed of two tolerably 
icchui^reciuca-^' well-defined divisions, the one being that which is concerned with the social 
tiou. professions and those relating to the fine arts, while all other occupations 

and pursuits requiring the application of science, art and manual skill are 
included in the other division. This province of technical education is what we 
mean by industrial education, which has for its scope to impart the knowledge 
and skill rec^uisite for success in the three great departments of practical life — 
namely, agriculture, manufactures, and commerce ; or, in other words, in pro- 
ducing the raw material from the ocean, the mines, the forest and the field, in 
converting these materials into useful forms, and in their transportation and 
exchange. 

In its widest sense industrial education comprises not only all that a man does 
for himself, but also wbat is done for him by others to bring him nearer to per- 
fection as a worker in any branch of industry. 

In a more limited sense industrial education is that which is designed to 
impart the knowledge and skill requisite as a preparation for {successful work 
in that department of practical activity which is concerned in changing the raw 
material into useful forms, or the manufacturing nidustry. 

In former times knowledge and skill in industrial pursuits were almost exclu- 
sively acquired by means of apprenticeship. This held true not only of the 
mechanical trades, but of the liberal professions as well. 
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That state of things has passed away. An auxiliary instrumentality has been 
created by the demands to advance civilization ; that instrumentality is the 
technical school, in its elementary, secondary and superior grades, and in its 
ever-increasing diversity of aim and purpose. Industries made but compara- 
tively slow progress while they were carried on by persons whose instruction was 
lunited to apprenticeship. Gradually, and in more recent times, the idea has 
made its way that the progress of an industrv depends especially upon the degree 
of instruction of those who exercise it. This led to the establishment of industrial 
schools. The competition of industries is rapidly multiply ins; these schools, and 
from present indications these schools are destined to a development far beyond 
that as vet attained in the most advanced community. Industrial education is 
of two kinds : first, that which consists in imparting a theoretical knowledge 
and the applications of science and the principles and rules of the useful arts, 
such as may be given in the class-room and laboratory by the teacher and pro- 
fessor ; second, that which consists in imparting the manual skill and the appli- 
cations of science and the rules of the arts necessary to fonn the handicraftsman, Theoretfcai 
of whatever grade. This is the education of the shop. The school for imparting ^°^*f/*** ^°J 
this branch of industrial Vacation is therefore primarily and essentially a work- JSopf 
shop, supplemented to some extent with the theoreticfid training of the school- 
room and the manipulations of the laboratory. The considerations relating to 
industrial education here submitted must be limited to that portion of it which 
is imparted in schools, and, moreover, such schools as properly come within the ' 
scope of city school systems. 

No school question is at present more agitated among us than that of making 
manual training a branch of instruction in the common school. Some extremists 
maintain that trades should be taught in the schools in connection with the 
common branches now required, so that when the scholar graduates he will be 
prepared to earn his living as an artisan on leaving school. Others, more 
moaerate in their views, would not undertake to teach trades in school, aiming 
only to exercise the pupils in the use of the principal tools in working wood and 
iron. So far the different theories on the subject have been put into practical 
application only to a very limited extent. The two important practical questions 
in this connection which claim our attention are, first, what has been already 
accomplished in the direction of industrial education in our city school systems? 
second, what does experience indicate as desirable improvements to be undertaken 
in the department of industrial education v • • * 

Handicraft as a Branch of Public Inairuction, 

There are two modes of giving instruction in handicraft in schools: First, by 
annexing the workshop to the school for general education, whether elementary The workshop 
or higher. This mode is sometimes called the putting of the workshop into the thescbooUu the 
school. Second, by establishing technical schools for apprentices, consisting workshop, 
primarily of the requisite shops, with appliances for giving the theoretical 
mstruction applicable to the trade taught. This mode has been denominated 
the putting of the school into the workshop. * * * 

Superintendent Marvel, of Gloucester, Mass., in referring in his report to an 
experiment tried in the schools of that city, remarks as t6 its results as follows : 

*' This attempt to combine intellectual and manual training will tend to dignify 
manual labor in the opinion of many young people just at that critical period 
when so many are now wasting opportunities for practical education in a vain 
endeavor to accomplish purely intellectual work for which they are totally 
unfitted. Recognition in the public schools that mechanical occupations are 
equally as important as the professions or as mercantile pursuits, and that the 
scneme of public instruction is broad enough to afford an education adapted to 
the needs of all classes of citizens, cannot fail to have a marked effect upon the 
succeeding generation. Boys and girls will deem it no less honorable to be found 
in the 6elds and workshops than in stores and offices, so long as they are engaged 
in legitimate and honorable occupations.*' 
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Exhibit O. 

As supplementary to their investigations into the influence exercised by tecli- 
nical and other schools on the efficiency of foremen and other employes enga^ged 
in the principal industries of England, the Royal Commissioners secured the 
views in writing of a large num^r of manufacturers and other employers of 
labor upon the following points : 

1. As to the influence on industries in which these employers were engaged 
of the science and art classes, and other sources of technical and general in- 
struction that are available to apprentices, workmen and foremen ; and 2. As 
to any means whereby such instruction may be rendered more useful. 

Attention is invited to the appended extracts from a few of their replies, which, 
summarized, were to the effect that the schools are exerting a decidedly beneficial 
influence upon both the industries and the laborers through whom they are de- 
veloped. These statements, coming as they do from men who are immediately en- 
paged in the industries which the schools are designed to improve, are significant 
m their testimony concerning the direct and indirect value of technical educa- 
tion. They are from men who are likely to take a practical vi* w of matters, 
and who are accustomed to decide upon the merits of things solely with refer- 
ence to their economic results. 

Notice should here be taken of the fact that English technical schools are not 
nearly so efficient as those on the Continent. Most of them have not been long 
in operation. Many are poorly equipped, and others badly managed. The best 
schools are the ones that have only lately been established, and consequently 
they have not yet had time to make their influence very extensively felt in the 
factories and shops. Besides this, it is only very lately that employers have 
taken interest enough in the schools to encourage and require their employes to 
attend the classes. Yet, notwithstanding all these adverse considerations, it 
will be seen that the opinions expressed in the letters referred to are decidedly 
in favor of the maintenance of science and training schools in industrial com- 
munities, and it is safe to predict that this sentiment will increase when the 
schools are made more efficient and have had a longer time in which to make 
results. 

Only such parts of a portion of the answers are given here as relate to the in- 
fluence of the schools upon industry. 

From Messbs. Kelson & Co., Irok-Woskers, Leeds. 

'* There is in our works a growing tendency, on the part of the hands em- 
HttriwtVoimK** ployed, to greater intelligence and earnestness in the execution of the work 
men. allotted to the respective departments. The night classes at the Leeds Mechan- 

ics' Institute have long been an attraction to many of our young men.*' 

From Horrockses, Miller & Co., Cotton Manufacturers, London. 

*' Blany occupying leading positions in our employ owe their general eompe- 
tency to such advantages." 

From Jahes Dixon & Son, Metal-Workkrs, London. 

'* We are of the opinion that these schools have had from the beginning a very 

Advantageous to beneficial effect upon the foremen and workmen of our district, and that the 

mhenT" *"** amount of benefit that is accruing to the trade is increasing year by year. As 

the men who were old scholars are more intelligent and artistic workmen, their 
influence has a corresponding effect upon their apprentices, and induces them to 
send them to the schools." 
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Fkoii Sir Wiluau Armstbono, Shifbuildkb axd Makufactur&r op Guns, 

Nrwcastlb-upon-Tyme. 

" The technical instruction given in the institution attached to these works Techaicai 
has undoubtedly a beneficial influence on the industries in the locality. Our *chooiB deveUiy 
experience of the classes is that they not only develop thought and intelligence. teniiren*co an!" 
but they also tend to foster studious and steady habits and to raise the tone of roster studious 
the students." habits. 

From James Humpuribs & Son, Carpet Manufacturers, Kidderminster. 

" We have an excellent school of art, which has proved of great use in assist- ^^^ trainloR 
ing to raise efl^cient draughtsmen and designers for our principal industry in this raises up 
town — namely, the manufacture of carpets. Whereas, some years back, we were draughtsmen aud 
compelled to go to France and Germany for designs, we are now practically '^^^^'KhP*"*- 
independent of other countries, as far as carpet-designing is concerned." 

From Thomas Tupuno & Go,, Carpet Manufacturers, London, 

** TTie influence of art classes in raising the style of design and workmanship 
cannot be too fully appreciated and encouraged." 

From Messrs. Hunt & Ruskeli., Metal- Workers, London. 

** The influence of the science and art classes on our artisans is of the highest schools rnif«o 
value, for they develop ideas of conception and taste that would otherwise He workmen above 
dormant, and the training afforded by these classes raises the workman above the "*•'"« mechanical 
more mechanical drudgery of his employment We believe the same influence ^'"^K^'^y* 
awakens a desire to cultivate refinement in the execution of his work, a senti- 
ment that might have been lost but for the exterior educational aid afforded by 
the classes." 

I 

From Messrs. Crosses & Wenkwortb, Cotton Manufacturers, Bolton. 

** We regard the science and art classes carried on in Bolton as having con- Benefit to the 
ferred incalculable benefits on the industries of the town and district, and we town and district, 
look to them principally for the improvement in general knowledge of our work- 
men, and to fit them to become foremen." 

From J. K. Oirdwood, Linen Manufacturer, Belfast. 

*' At present there are only the classes held in the Workingmen's Institute 
and the School of Design available for workmen and foremen, both of which 
classes have keen of great assistance to many of our employes attending them." 

From Edward Steboman & Co., Lace Manufacturers, Nottingham. 

**The influence of the classes is decidedly good, and the science classes are ^jJ^JjL^JjJ;®^!**'' 
very well attended." 



Sxhibit P. 



This and the preceding exhibit are designed to show the 
importance that employers attach to technical schools, and 
the comparative value of educated and uneducated labor. 
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In answer to inquiries concerning the value of educated 
labor lately proposed by General Eaton, United States 
Commissioner of Education, some very suggestive let- 
ters were received from employers and others interested 
in industrial pursuits. 

General Samuel Thomas, of Columbus, Ohio, who 
employed 600 laborers in his extensive iron-works, 
answered the inquiries referred to as follows : 

Men who have education require less, supervision. The saving to employers 
dmSs^m super' ^^ ^^^ ^*y alone amounts to fully 10 per cent. Employers suffer constantly 
viaion and retsuits from ignorant employes doing their work poorly, and doing less of it for the 
in better products, same wages. This amounts to fully 10 per cent. mope. 

A knowledge of chemistry, geology, working of mines, and, in fact, all the 
physical sciences, would add to the efficiency of all laborers in our employ. Not 
that I expect all to advance to the higher departments ; but, with their common- 
school education, thoy should have some knowledge of the sciences I have named. 
In many ways men with such advantages could produce more in twenty-four 
hours with no more labor, and, as a consequence, command higher wages. 
Labor-saving '^^^ ^^ labor-saving improvements are the result of education awakening the 

improyements the mind to struggle for something to save much and throw the labor upon machines 
result of educa- of iron and wood, so far as I have observed in our works. The ignorant man 
^'^''' imitates some one else, and, if he is watched, continues to do so day by da^, and 

by these means earns his living ; but he is a great tax upon capital. We pay 
20 per cent, more wages to a skilled laborer in our employ, with an education 
that makes him worth it to us, than to an uneducated man struggling to fill the 
same kind of place, but not worth so much. 

I would not employ as a superintendent or foreman a man who could not read 
and write ; all other things being equal, I consider a man better and better 
qualified for supervision of labor as his education increases. 

The man with some education or some mental training shows his superiority 
over the ignorant man at home, and by his social and moral influence, to a 
greater degree than in the shop or at labor. He is more moral, less disposed to 
be vicious, more industrious. As a class they live in better houses, have better 
surroundings, and seem to be happier men in every way. 

Mr. S. P. Cummings, of Boston, Mass., Secretary of the 
Massachusetts Grand Lodge of the Order of St. Crispin, 
Chairman of the Executive Committee of the Inter- 
national Labor Union and of the State labor party, wrote 
as follows to General Eaton : 

The value of skilled labor over unskilled, both as to productiveness and com- 
pensation, is fully 20 per cent. 
A knowledge of the scientific subjects would increase production and wages 
•dge^ouid iif.^''^ ^^^^y ^^ P®'' ®®°^" ^^^^ '^® present, inasmuch as the effect would be to stimulate 
crease production, laborers to produce better articles, and consequently increase their means of 

enjoyment. 
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I have a large personal acqiiaintaooe among manufacturers, and ther gener- 
ally agree that their foremen's money value depends largely on the education '^ 
they possess. 

InventiTe culture, as a rule, increases the self-respect and improves vastly 
the social habits of working!nen. 

Educated workingmen live in better houses, have better surroundings, and 
are in all respects superior to those whose education is limited and defective. 
They are less idle and dissipated than the untaught classes. As regards econ- 
omy, morality, and social innuence, educated laborersare pre-eminent among their 
fellows. I may add one general observation — that while I was foreman of a shoe inteUigent work- 
factory employing forty hands, I always got better work, had less trouble, and, men do better 
as a general rule, paid better wages to the more intelligent workmen. The more ^ubS^Uifn fguo? 
ignorant hands were continually giving me trouble, either by slighting their rant men. 
work or by failing to appear in a fit condition to work after pay-day. They were, 
many of them, coarse and vulgar, drank liquor, grumbled, and were in all 
respects disagreeable. 

I am so well satisfied of the inestimable value of education to the laborer that 
I would make it compulsory. No man should be allowed to go into the arena of life 
unless he has at least a decent English education. A class of uneducated laborers 
in a community or State is an ever-present element of danger and injury, not only 
to labor, but to the State itself ; therefore, sir, 1 am much pleased to see that 
you are collecting statistics for the information of the Government and people 
on the subject. 

Another valuable opinion is that of Cyrus Mendenhall, 
President of the Kenton Iron Company, Newport, Ky. : 

I rejoice that the ofilcial attention of the General Government is being turned 
to the subject of your inquiries, and cannot but hope that, sooner or later, it Thewaiitot tecU- 
wiU result in some practical benefit to the country. The want of a higher grade w^meu ofton 
of instruction in the science of their business for the managers of the different makes the differ- 
departments of the manufacture of iron— say in mensuration, geometry, the ^^^ '^^d^^flure oi 
mechauKal powers, hydraulics, hydrostatics, chemistiy, etc — has been severely ^^i^Ji^y stria" on - 
felt by proprietors. The want of competent men in such positions often, Iterprise. 
believe, makes the difference to owners between success and failure. 

A. J. Mundella, Esq., member of the British Parliament 
for Sheffield, England, who had employed a large number 
— as many as three or four thousand at a time — in the 
middle counties of England, as knitters, weavers, finishers, 
and machinists, wrote to General Eaton as follows : 

I would say that an educated man invariably acquires a knowledge of his work 
with greater facility, and executes it with less cost of supervision, than an unedu- 
cated man. 

The mere rudiments I do not rank very high. Tf a man can barely read and 
write he has not attained to much. To read and write fluently is a great advan- 
tage in conducting the ordinary affairs of 1 if e. £ ndeoce has been given before the 
British Parliament from my own districts showing that grave mistakes in chemi- 
cal processes, such as bleaching, dyeing, etc., are constantly occurring through 
the Ignorance of the workmen, they not having the ability to read writing. I 
hAve often witnessed natural powers in a person entirely uneducated which would 
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have been turned to the benefit of himself and his employer if he had onlj 
received a thorough elementary education. I have recently seen in Miissachu- 
setts, Englishmen whose wages their employers would have willingly doubled, 
by appointing them overseers, if they had only been educated sufficiently to keep 
accounts. I think it is impossible to estimate how much education would 
increase the value of their services. If the labor is merely mechanical, such as 
tending a machine that is making so many revolutions per minute, it requires 
little education to perform it ; but if the labor is something where the whole 
manipulation depends upon the intelligence of the workman, it is a very different 
thing. The divi:»ion of labor in England is so minute that the artisan who begins 
and continues the same work for years becomes a mere machine himself. The 
value of education, both to the workman and employer, is something that it is 
exceedingly difficult to estimate. The educated man will better understand the 
influence of those economical laws upon which his art depends than the unedu- 
cated ; and my observation leads me to the conclusion that many of the strikes 
among workmen are the consequence of gross ignorance on their part, and that 
almost invariably the outrages and intimidation resulting from strikes are the acts 
of ignorant men. The more flagrant cases of violence and intimidation in Eng> 
land have been in connection with those trades unions where the education of the 
workman has been ^rosslv neglected. 

I believe that technical education is of great importance ; that the success of 
Switzerland and Germany in manufactures, and their superiority over others for 
the last thirty years, have been owing to the excellent elementary education they 
liave given to their workpeople, to which has been superadded, with great 
advantage, in my opinion, a large amoant of scientific and technical education. 
Art training in England has exerted a marvelous influence in improving the 
designs fi)r every des^-ription of manufacture in which taste is required, and con- 
sequently in increasing the demand in foreign countries for such manufactures. 
For example, the result is seen in better styles of carpets, laces, dress goods, 
crockeryware, furniture, ornamental iron work, and in every manufacture where 
decorative art is of value. 1 think the great want in this country is such educa- 
tion. I have known instances where a youth who has received art training has 
Ijeen able, at twenty years of age, to earn more than all the rest of the working 
force of his father's family. There is one case among my own workmen where 
such a lad is getting very high wages, and the effect is that the whole household 
is elevated. 

The greater the improvements in machinery, the more intelligence is required 
on the part of the workmen who manipulate it It has been found in Eng- 
land that for working the improved agricultural machines a higher class of intel- 
ligence and skill is required to manage them than the old peasantry possess. An 
intelligent workman will always produce a larger amount of work from a clever 
machine than an ignorant man can, and will keep his machine in better working 
condition. 

Certainly, I should prefer those who had the very best education for responsible 
situations. In my opinion a youth cannot be too highly educated for business 
purposes. I believe there can be no gi^eater mistake than the old and common 
error that a boy may be made above his business by education. 

My experience of workmen, on the avenvge, is, that the better a man is edu- 
cated, and the greater intellectual resources he possesses, the less is he disposed 
to sensual indulgence, and the less inclined to any kind of intemperance and 
excess. Those trades most characterized by intemperance in England are those 
wherein the workmen employed hare the least education. I have employed in 
various departments of my own business intelligent workmen earning lower 
wages than ignorant men employed in coarser branches of the business ; and the 
intelligent mati educates his children, lives in a comfortable house, and has much 
refinement and many pleasant surroundmgs ; whereas the ignorant man, with 
higher wages in some other department of labor, is more addicted to intemper- 
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ance, his wife and ohUdren are worse clad and worse oared for, and his home, in 
all respects, is less comfortable. Perhaps the best illustration of this would be 
the contrast between a clerk earning £80 a year, who is a ^ntleman in education, 
tastes and surroundings, and an ignorant laborer eammg the same sum. In 
England intelligent workmen are generally the men who are distinffuished for 
economy and thrift. They take the lead in all useful associations ; they are the 
managers of the mechanics' institutions, the ttechers in the Sunday-schools, and 
the founders of co-operative societies. 

In the same connection Mr. John W. Browning, brick- 
layer, President of his trade union and Secretary of the 
National Labor Union, New York City, replied as follows : 

I have not infrequently worked with members of my trade who have labored 
years at the businen and yet remain ignorant of the simplest, though very im- 
portant, materials in the building line. For instance, anchors are fastened to 
every fourth or fifth beam, and must be, or should be, well secured in the wall, 
by which means there is a bond between the two walls, or four walls, as the case 
may be ; the walls are strengthened, the building is firmer and lees liable to 
settle. The men I allude to build around and over these anchors, wondering 
what they are there for and paying no regard to security. Such mechanics are 
half their time unemployed, and they attribute it to hard luck, or something of 
that kind ; but the^ do not seem to take heed and get on, and they become dis- 
couraged. But it u not so with the mechanic who understands the theory of his 
business, or who has studied sufficiently to discipline his mind. He underatands, 
or will understand, that the anchor must be set snug in the wall. He knows 
why a fireplace is built on the outside of a gable. He knows what a key- 
stone is for. * In short, he knows the uses of the materials and the designs 
of the specifications, and he is able to earn his wa^, and in many cases 
superior waffes, besides enjoying steady employment dunng the building season. 
The latter class of our trade are the students of our business ; they lighten their 
labors and the labor of others by new inventions. A year ago 1000 brick a day 
was considered a fair day*s work. It is the basis of estimate at the present time ; 
and yet an ordinary bricklayer can lay from 1500 to 3000, while I have known 
men to lay 9000 a day on a twelve-inch wall. I think any one who has adopted 
any means to discipline the mind, either by studying at school or elsewhere, is 
preferred to one who never gave himself to reasoning. 

In my business a foreman, superintendent, overseer or journeyman cannot 
know too much, and those who are entrusted with the plans are skilled and as 
intelligent as can be had. 

I am in favor of free dav schools for the children, free night schools for 
apprentices, free libraries ana reading-rooms for all who wish to avail themselves 
of their benefits ; believing that it will add to the industry of the nation, elevate 
society, and make us, morally and religiously, a better people and better citizens. 

Exhibit Q. 

Mr. Mather wrote letters to several prominent educators 
of the United States, asking what effect the educational 
institutions with which they were connected were having 
on the commerce and industries of the nation. A few of 
the answers that he received are inserted here. 
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Lettbb from Pkofbssob Tbowbbidob. 

School of Mines, Columbia College, 

Corner 49th Street and 4th Ayenne, 
Dkab Sib : New York, October 80, 1888. 

In answer to your question, ** What effect is the School of Mines exerting on 
the professions and manufacturing industries of the country ?*' I will lust state 
that my answer will apply, I am quite sure, to all the institutions in thu country 
in which the applied sciences are thoroughly taught, and where, at the same 
time, proper instruction is given in the technical applications of these sciences to 
civil and mechanical engineering, and to the agricultural, mining and manufac- 
turing industries. 

The effects produced on these professions and industries are felt more and 
more each year, in the attainment ot greater eeonomy in production, as well as in 
new and progressive developments in engineering practice, and in the principal 
arts and industries. These effects are accompanied by, and perhaps are largely 
due to, a general diffusion of scientific knowledge among the people. All olives 
are becoming imnressed with the value and importance of national scientific 
methods, especially when they learn that these methods harmonize with the 
results derived fi*om experience and observation. The knowledge thus diffused 
is fast breaking down and destroying the false antagonism — formerly supposed 
to be radical and insurmountable — ^between theory ^i^ practice. 

The business man is becoming a better judge and critic in matters of science 
and engineering applicable to his own affairs, while the farmer, the aftisan, and 
even the common laborer, are learning that in proportion to their increased 
knowledge of true scientific processes their labor becomes more efficient ; they 
can secure better results at less cost and with greater certainty than formerly. 

Ton can readily understand that bringing scientific knowledge, even in its 
elementary forms, to bear on industry in this manner, promotes material progress 
and growth, and secures public confidence in enterprises or improvements which 
receive the sanction of well-educated scientific men. 

For this increase and diffusion of knowledge and this public confidence we are 
indebted largely to our scientific schools, and to the men sent out from them. I 
need only suggest the direct infiuences which these men exert through their own 
labors when they are scattered through the country among the mines, the manu- 
facturing and engineering establishments, and the engineering works in progress. 

Very truly yours, 

Mr. W. Mather. (Signed) W. P. Tbowbbidob. 

Lbttkb fbom Db. Homeb T. Fuller. 

Worcester Free Institute, Worcester, Mass., 
Mt Drab Sib : October 25, 1888. 

In reply to your inquiry as to the effect of the training given at the Worcester 
County Free Institute of Industrial Science upon the industries of the country, 
it mav be said that the school was not founded to create new industries, nor 
specially to build up those that were waning. It has helped to meet an increas- 
ing demand for men who were trained in both the theory and applications of 
science, and who, hence, could assist in developing and promoting enterprises 
requiring more than ordinary intelligence and skill. 

It educates mechanical engineers, civU engineers, chemists and designers. 
Fifteen per cent of its graduates are partners in business firms or superin- 
tendents of important business enterprises; 20 per cent, are foremen or 
draughtsmen, chiefly in shops for construction of machinery ; 7 per cent, are 
skilled workmen in such shops; and about 20 per cent., comprising most of 
those trained in civil-engineenng, are employed either in railway construction or 
in other civil-engineering work. Fifteen of them have filled responsible pod- 
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tions on a single railroad ; six on another road. Beiidee these, the ohemistshave 
done good service in dye works and metal works, while about 10 per cent of the 
whole number, including most of those who have given special attention to drawing 
and dedgning, have be<x>me teachers. Its graduates have usually ouiokly found 
employment, and some have been offered remunerative situations before complet- 
ing thMr course of study. 

It should be mentioned that this school is yet young, none of its mduates bar- 
ing been in practical life over twelve years, ana the majority only four or five 
years. 

The educational influence of the school has been considerable. Several other 
schools recently founded, or now projected, are adopting substantially its plans 
and methods of training. Such are the Rose Polytechnic at Terre Haute, 
Indiana, and the Miller School at Batesville, Virginia ; and a committee of the 
Legislature of Georgia, after visiting the more important of the technical schools 
in the North in July last, reported a bill providmg for the establishment of a 
State technical school, in which the course of training was indicated to be " as 
nearly as practicable like that of the Worcester Free Institute." 

I am, etc., 

Wm. Mather, Esq. (Signed) Homkb T. Fullsr, 

Principal, etc. 

Lbttsa fsov Pbofbssor Qbbxhs. 

Rensselaer Polytechnic Institute, Troy, N. T., 
October 22, 1888. 
Mt Dbab Sib, 

I have to acknowledge the receipt of your kind letter of the 19th instant, 
containing a request that I send you a brief reply to your inquiry as to what is my 
opinion and experience of the effect exerted by the training m this institution 
upon the engineering works of this country. 

It gives roe great pleasure to comply with your request. 

The Institute was the first school of its kind established in the United States. 
It was founded in 1824 by the late Hon. Stephen Van Rensselaer as a school of 
natural and applied science. Its founder, long a member of the Board of Canal 
Commissioners, had been actively interested and largely instrumental in the con- 
struction of our first great work of internal improvement, the Brie Canal, which 
was completed in 18!^. During the execution of this work there were no edu- 
cated engineers in the country, and for this reason great difficulty was experi- 
enced in securing the services of persons competent to direct the necessary sur- 
veys, location and construction. Men were taken from various occupations and 
educated practically as the work progressed. Mr. Van Rensselaer thus had 
occasion to realize tne pressing necessity of providing for the future requirements 
of the country, during the development of its vast and varied resources, a body 
of trained scientific men. 

Rngineering as a profession was unknown and, of course, unrecognized in 
the country. There were no railroads, no waterworks, no great bridges, and 
but few works of any description which could properly be called engineering 
works. 

At such a time and under such circumstances the Institute was founded. Dur- 
ing the 60 years which have elapsed since its foundation it has been closely identi- 
fied with the marvelous growth and development of our oountrv. From 1824 to 
1840 its graduates largely became professors, geologists and manufacturers, a 
few only entering the field of engineering, for the reason probably that there was 
only a small demand for engineers. 

With the introduction and growth of railways and other engineering works 
there came an increased demand for engineers, to meet which, in 1850--51, the 
course of study and practice at the In^itute was modified and enlarged to meet 
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existing and future requirements ; and it then became exclusiTelj a school of 
civil engineering. 

About this time and for the same reason engineering courses were established 
in various colleges, and since that time many technical schools have been organ- 
ized throughout the country, all based upon the same general plan, and all owing 
their origin to the rapidly growing demand for, and the more widely and generally 
recognized importance of, technical education. 

At the present time there is scarcely a State or a Territory which has not its 
euffineeriuff or technical school. 

The Institute has furnished many professors for these institutions. As a rule, 
however, the graduates of the Institute enter at once upon the active duties of the 
profession of civil engineering, in which very many have become eminent, not only 
as designers and constructors, but as managers of great railway and manufac- 
turing corporations, while many others are growing up in various subordinate 
capacities, and are thus becoming fitted for the more important and responsible 
duties of the profession. 

The field of engineering is rapidly widening, and the specialties of hydraulic, 
steam, bridge, mechanical, minmg and electric engineering have been promptly 
entered upon and occupied by the graduates of all our tec&ical schools. In all 
of these tne reputation of the Institute is nobly sustained by its graduates. 

I believe it is not too much to say that the marked success of every educated 
and thoroughly trained engineer, in anjr branch of the profession, creates a 
demand for, and supplies, three more havmg similar qualifications and for similar 
service. 

Althoagh our numbers are constantly increasing, there are times when we are 
quite unable to respond to apolications for our graduates. 

Tou, my dear sir, have haa an opportunity to see something of our country, 
and to become acauainted with its enormous extent and resources. You have 
seen its public works, and have learned much in relation to its manufacturing and 
mhiing industries. Tou have also witnessed the activity and enterprise of our 
people. Wherever you have been, and whatever you have seen in our country, 
whether it be the great structure spanning the Bast River between New York 
and Brooklyn, the steel arch spanning the Mississippi at St. Louis, the Pennsyl- 
vania Railway (the model railway of our country), or the public worksof Boston, 
New York, Brooklyn, Philadelphia, St. Louis, and other cities, you have wit- 
nessed, and can yourself bear testimony to, the effect of the training in our insti- 
tution upon the engineering of our country. We cannot, and of course do not, 
claim exclusive crdit for these or other important engineering works. We 
merely represent that the Institute has been and is represented in all of them. 
I therefore state, in conclusion, that experience justifies me in expressing the 
decided opinion that the training of the Rensselaer Polytechnic Institute, as well 
as that of other similar schools, has exerted a most marked and important influ- 
ence upon the engineering works of America. 

I am, etc., 

W. Mather, Esq. (Signed) W. M. GasBNS, 

Director, etc. 

Exhibit B. 

Extracts fbok Mr. Mather's Tbstimont before the Senate OonMnTBE on 
Education and Labor, whose Report was published in 1885, and which 
contains much Valuable Information. 

In answer to questions by Senator Blair, Chairman of 
the Committee, Mr. Mather said that he lived in Man- 
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cheater, England, where he was the owner of extensive 
machine shops, and stated that he had been an employer 
of labor all his life. The purpose of his visit to this 
country was to ascertain, on behalf of the Royal Commis- 
sion on Technical Education, what opportunities are 
offered to the people of this country and Canada to acquire 
industrial training and technical knowledge. Mr. Mather 
further testified: 

The appointment of this Royal Commisdon to inquire into the technical education Boasons for the 
of all the countries in the world arose out of the fact that in England we have not appointment of tbe 
many opportunities nor institutions which afford to our working-people, or even ^^f** ^y*' ^""" 
to our middle elates, the means of acc^uirioffa knowledge of the sciences before ™ ^°* 
they enter the usual occupations of life. We have felt for the last ten years 
very aoutel^r, as you know, the competition which has sprung up in all parts of 
the world with English industries, and it has been supposed by some public men, 
and by large numbers of the community generally, that our manufactures of 
the simplest kind would for the future have to yield to a higher class of produc- 
tions if we are to hold our place in the world as purveyors of clothing and the 
various articles which we have hitherto shipped from England. The countries 
of Europe have, of course, ceased to take from us gray cloth and the simplest 
forms of machinery, and in a hundred ways ceased to need our services in mat- 
ters for which, twenty years ago, they were absolutely dependent on us. 

In consequence of this we find it necessary to improve the taste in all arti- 
cles we manufacture, and to bring to bear a nigher knowledge of the scientific 
laws that underlie all the industries, and to educate our people into still greater 
skill— a skill derived from higher intelligence. Our opportunities hitherto, in 
England, to impart this sort of knowledge to our apprentices, and to men who 
desire to learn after they have entered upon the orainary duties of life, have 
been very few, and have been of a voluntary character. On the Continent of 
Europe industrial and technical schools have been in existence — in Oermany, 
France and Switzerland particularly — for a considerable number of years, and 
the benefits accruing from these have at last invited our attenti({n. 

The industries of England have flourished chiefly, hitherto, upon the great 
demand which all the world has made upon us for our products, and on the 
facility with which, owing to the abundance of material, we have manufactured 
all our machinery and textile goods. 

Durins the last ten years that demand, as I have said, has very much 
decreased, and we have now to pass on to a different kind of manufacture. Our 
people cannot respond to this higher demand made on them. We have not had 
the art schools or science schools to enable them to understand the laws or prin- 
xsiples upon which this higher industry is based. 

In order to meet this, we hope to establish in all our manufacturing districts 
certain institutions— you may call them technical schools — in which not trades 
shall be taught^ but the science that underlies every industry shall be imparted 
to the children of workingmen, at the same time that they are somewhat trained 
in industrial skill to manipulate, to pass through and understand the opera- 
tions which are necessary for the various kinds of manataoture that we desire 
to improve. 

I will give you my own case. I have a number of engineer apprentices in my 
own works. I felt the necessity of having these young fellows employ the time 
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Mr. Mather's more to their own benefit and profit, and also more to the interests of mj con- 
Shop Bohooi. oem, so we built a school inside the works and made it compulsory on ererj 
apprentice to attend that school during the evening two hours in the week, it 
they do not attend that school they are discharged from our employment; and 
this applies to all our apprentices. 
Trade Unions. I am happy to say that trades unions with us have become part and parcel of 
our Itf e. We have accepted them now as one of the proper societies for the work- 
ing classes to form, and, conducted as they are by able and, I think, in the main, 
conscientious and respectable men, we have joined with them rather tlian sepa- 
rated from them. Employers of labor generally have lost that violent antagonism 
which, you know, existed at one time ; the trades unions have moderated many 
of their demands, and whatever demands they now make, they at any rate malce 
in more moderate language and in more polite ways. The capitalists and labor- 
ing population have both learned by experience, and, I think I may say, have 
' come to see that none of the interests of capital or labor can be served when there 
is an antagonism between them. On the other hand, 1 think the laboring classes 
see that capital has certain difficulties and trials and experiences of which labor- 
ers know nothing, and by frequently comparing ideas, as we do uuder the arbi- 
tration courts that are sometimes established between masters and workingmen, 
a great deal of information is passed from one side to the other, 
strikes are not The consequence is that our strikes now, though t hey may be long, are not violent; 
violent. though they may be stubborn on the part of the men, who will not see that trade is in 

such a state that higher wages cannot be granted ; or, on the other hand, on the 
part of the masters, who have their own stubbornness sometimes, and try to with- 
nold from the laboring-classes the amount of wages they ought to give them when 
trade lias improved. While these two positions will always, of course, to some 
extent, exist (for there will always be some obstinacy on both sides), yet, as a 
rule, violence and passion have departed from those disputes, and all questions 
are settled with good feeling. 

In all trades, aside from the textile industries of our country, we have for 
many years been, for the most part, entirely free from strikes. In all engineering 
difficulties, disputes have been settled freely and without any ill-feeling. The 
engineer class with us are the most intelligent, and therefore the most reason- 
able. The engineer trades with us include pattern-makers, moulders, smiths, 
fitters, turners and directors of machinery— -everything connected with machinery 
we call engineer trades. 

The building trades have a strike occasionally, but, compared with the number 

of differences that they settle by arbitration and conference, the strikes are not 

of much importance. They have had long-continued disputes from time to time, 

but, as I have said, there is no violence connected with them. After a oertain 

amount of suffering on the part of the men (for, unhappily, it generally terminates 

that way with us) , the difficulties are settled and thev go to work. I think we have 

Labor difflcai- bridged over many difficulties by this simple remedy of arbitration. We have 

ties avoided by lessened the hours of labor, and have brought nine hours a dav to be the stand- 

f (MUns a^nkoUcai *^' *'**^^®*^ ^' ^^ hours a day. Employers generally have enaeavored to show a 

Interest In the Sympathy with the social life of all our working- people b;^ establishing provident 

welfare of their dispensaries for their succor or assistance when either injured in their work or 

laborers. stricken down by disease. We have nurseries, institutions carried on under the 

superintendence of our wives, who go down into the lowest parts to find and aid 
distress. This is common to every manufacturing town in the country. The 
wives of the manufacturers, merchants, and employers generally have found that 
the lives of the people, after their hours of work are over, are matters of their 
highest regard for the sake of their own interests. Hence various institutions 
have been esUblished by public subscription and are managed by the manufac- 
turing class for the benefit of the laborers. 

You may readily understand that any virtuous and good act bringslto own 
reward. That is an axiom that we have all accepted. But when I spoke of their 
intereste, I meant that from quite a material point of view, leaving out the phil- 
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anthropio motives and the higher relations of men, and speaking of it merely as Material inter* 
a matter of business. Wherever the employers of labor have manifested this ^ts of employers 
interest they have found it to be of advantage in a business point of view. What- "• ^^ adranoed. 
ever difficulties might arise between them and their employes in consequence of 
wages have been more readily adjusted, and, at any rate, the motives of the 
manufacturers are not misunderstood. The men only require to be convinced of 
the exigencies of trade, and to see that the thing which is stated to them is 
really true, to induce them to yield. This sympath v, this endeavor to elevate and 
improve the woricing-classes all round, sometimes by individual manufacturers, 
at other times by manufacturers combining together to make a district the centre of 
some means of reaching and improving the working-classes, is having the most 
eicellent effect. 

For example, the establishment of coffee-houses, all over our cities, to form a ooffee-booses. 
sort of antidote to the public-house, to give workingmen a nice room in which public parks and 
they can meet their fellows and sit in comfortable chairs and have a smoke and a ^^^^^ entertain- 
talk together, and an opportunity to take this harmless beverage and creature 
comforts of that sort, to the exclusion of spirituous liquors— an that has had a 
great effect. The public parks have also helped. The musical entertainments 
m the open air during the summertime — many of them encouraged bv our cor- 
porations and supported largely by the employers— all that work is well-directed 
outlay for the enjoyment of the people. 

The reduction of the hours of labor from sixty hours to fifty-four has allowed Hours ot labor 
all the workiuf^-people to have a holiday, leaving their work on Saturdays at 13 P«r week, 
o^clock. It gives them an opportunity to make their purchases in the daytime, 
and to take their children out into the parks and enjoy the fresh air. The working- 
hours are such that the workingman has practically got daylight all through the 
year for his work, and then during the summer mouths, of course, there are long 
evenings of daylight, and the half hour less labor at each end of the dav gives the 
workingman an opportunity to wash, and covers the time when he would be going 
home, and is a great consideration to him. . In consideration of this extra time 
allowed for recreation, we find that men are attending reading-rooms more than 
they did. 

we have free libraries and reading-rooms established in each ward or district Libraries and 
of our towns. If the ward is very large we divide it intodistricls and establish a reading rooms, 
reading-room which does not cost much money (threeor four thousand pounds), and 
there we keep the papers of the day and scientific and literary periodicals and 
some standara books, and we find that the working-people are appreciating these 
advantages just in proportion as they get more time to devote to them. They 
have more leisure now, and many take advantage of their time to pursue some 
studies. 

And because of this, we think our evening science schools, which we are Evening Science 
endeavoring to improve, will be better attended, and we shall therefore get schools, 
some science and art teaching into the adult working-classes who have alrei^y 
begun their life-labor, who have almost always the desire to become better 
informed, and will in this way be able to satisfy that desire. 

If you will allow me to, 1 should like to make another remark as a result of 
my observation in America. I do not wish to say anything to intensify differ- 
ences of opinion, but, having said it to several employers of labor, it may not be in- 
appropriate to say it here, I believe that all American working-people have greater Hours of labor in 
activity, greater nervous energy than our peojple have, and I believe they do *^ °*" 
more work, and can do more work, from that spirit of intense desire which they 
have to accomplish something, to accomplish more, even, day by day, than they 
have done before. This is the spirit of vour people. They work harder while 
at work, and I therefore say that nine hours of labor here, with the intensity of 
diligence which your people 'display, would, I think, count for more than ten 
hours of our people's work. Undoubtedly the condition of the working-classes 
in this country is superior to ours, all round. The very fact that you have food 
just as cheap as we have it — in some places they say it is cheaper, but at any 
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rate it is just as cheap as our working-people euioj — that jou pay wages varying 
from one-half as much again to double as much again for similar employment ; 
that you hare or have had, hitherto, as I think, more constant employment than 
our people have, and therefore the aggregate earnings in the whole year are 
greater than they are with our people — all these indicate that there is more pur- 
chasing power in the hands of tne American workingman than an English 
workingman enjoys. 
High renta In ^^® ^^^ subject which strikes me as being very difficult to comprehend, and 
America. most oppressive, I think, upon your working-people, is the enormous amounts 

they pay for house-rent. I do not think I overstate the case when I say that 
rents are double, all through this country, for the same degree of comfort, that 
they are in England. That is so even in Pullman City, which is a model city. 
It has always struck me as being a very remarkable and almost unnatural con- 
dition of things that in a country where there is so much land, and where the 
resources of the people are so much greater, and material therefore ought to be 
so cheap, the habitations of your working-people cost so much. It is certainly 
an indisputable fact that rents are double here what they are in England. 

In this country waste of raw materials is the normal condition of things. 
You waste your forests, your metals, your food and your drink. There is so 
much waste here that it is not noticed. 

All the institutions for the aid of the working-people are kept up by the 
employers — all our hospitals and dispensaries — to give cheap medical advice 
and cheap surgical aid, and relief in time of need. We have workiugmen's 
clubs established by philanthropic people ; we have coffee-houses where the 
workingmen can come and read. Into these, members of the committee come 
from time to time, and take an interest in the young people. 

I think what you require here is a larger interest in the working-classes by 
your wealthier people. You require more institutions for their intellectual 
enjoyment, for their entertainment and their recreation. You require less hours 
of labor, certainly. 

I think you ought to reduce your hours of labor to nine — it would be for the 

benefit of the whole country, employers and employes-HSO as to give a full, solid 

half-holiday each week for the entire mass of the working-people. They would 

enjoy family life more, and would have less temptation to indulge in vicious 

habits. 

induBtriai train- Then, in your common-school sjf^tem, by introducing industrial education 

iDfr should be In- ' Side by side with intellectual education (and it would not hurt intellectual edu- 

troduced into the cation, but would help it) , you would have a larger number of people who would 

puhUc schools. y^ willing to go out into the far West, and, meeting the forces of Nature, subdue 

them in a territory that is apparently unlimited and as rich as it is boundless. 

All that spirit would be evoked by these simple changes, which would be very 

easy to make. It would only require probably the resolution to do it, and it 

would be done. 

In all other respects the working-classes of this country are infinitely better 

Oomparison be- "i^^^^ than any people abroad. They have in their form of government no 

tween the oondi- hindrances of any kind, either from tradition or feudalism; they can aoauire 

tion of American land easier — it is almost given away in many parts of this country. They have 

^i^ioreign work- ^^^ equality among themselves and their foremen and managers that you do not 

see in any part of the world. I am particularly struck by the respect which the 
managers and foremen here seem to have for their workmen, the civility they 
show them ; all of these are advantages to the workingmen, apart from their 
civil rights, which, of course, are universally admitted here ; all these make up 
a social condition superior to anything we have in England. And if the work- 
ing-people were only oy their habits to show that they were capable of taking 
the advantages offered them by Nature and by ^our free institutions, they ought 
to be the happiest and most prosperous people in the world. Government need 
do nothing more for them, I tnink ; but society requires to do a great deal more 
for them. 
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I hftve heard a gentleman say here that corporations were not distinguished PabUe opinion 
for their sympathy. That is true ; and that is why I point out that societj; in Jjouid ^•J»^JJJ}^ 
America, in all the great centres of industry, has a dnty laid upon It that I think mtton or the con- 
it is not performing in the full sense of its responsibilities. In these great corpo- duion ot the lab- 
rations the shares are held, I presume, by wealthy persons, representing probably o^ng classes, 
the culture of your cities, and probably occupying public positions. It would 
be a very simple matter for any of those corporations to appropriate, by their 
shareholders, from year to year, such amount of money as they might wish to 
appropriate for the Mneflt of the working-people. And if public opinion in this 
country were directed toward the amelioration of the condition of the workihg- 
dasscs all around, it would not be an uncommon thing for certain sums of 
money, probably every year, to be given for their benefit. That is not uncom- 
mon witn us. t^eare tending somewhat ourselves, yon know, to turning all our 
conoems into joint-stock companies ; but I am very happy to be able to say that 
we often find that spirit of humanity among our corporations — ^not so much, per- 
haps, as with individuals, but there is coming, more and more, to be an 
acknowledgment of the fact that any employer of a large class of people is bound 
to regard those people on the social side as well as the industrial side. 

Exhibit 8. 

EZTBACTS FROM AN ADDRESS OH TeCHNOLOQICAL INSTRUCTION, BT PbILIP MaGNUS, 

Secretary and Director of tbe Citt and Guilds of London Institute. 

Workmen, generally, make a great mistake in taking a very narrow view of 
their own educational requirements. Instances of this are continually coming 
under my notice. It is difficult, for example, to make them understand that a 
knowledge of intimately associated and cognate branches of their trade is likely 
to prove serviceable to them ; that in order to become efficient foremen it is 
necessary that they should possess an intelligent and comprehensive acquaintance 
with the entiro area of the work in which they are engage^l. It is partly to 
correct the cnimping influence of the extreme division of labor that technical 
instruction has become necessary. 

Speaking from my own experience, I should say that workmen generally care to 
leani in the school very little more than they might leani in the shop ; they only 
want to learn it more quickly. This desire of workmen to learn those parts only 
of a subject which seem to them to be intimately connected with their special 
occupation reminds me of a fact told me by a medical friend, that among his 
students of anatomy was one who expressed his decided unwillingness to dissect 
the abdominal cavity, because, as a surgeon, he intended to devote himself exclu- 
sively to diseaors of the eye. This narrow view of the scope and objects of 
technical education needs to be steadily and persistently discouraged, and it is 
one of the objects of this college to bring home to the workman the advantages 
of a wider and more comprehensive system of instruction. 

A similar difficulty is experienced in inducing adult artisan students to attach 
sufficient value to a knowledge of the elementary principles of the sciences 
bearing upon their industry. This is due partly to the method of science teach- 
ing commonly adopted, which does not distinguish between the requirements of 
school-children and of adult workmen, and partly to the fact that such students 
are too impatient to see the immediate applicability, at each successive stage, of 
the knowleilge they are gaining to their particular work. It is possible that the 
fundamental principles of science are not always presented to the artisan student 
in as attractive a form as they might be, and tnat he is not made to see, at a 
sufficiently early stage, the connection between the instruction he is receiving 
and the occupation in which he is engaged ; but of the value and the importance 
of this elementary knowledge as preliminary to, and as an essential part of, tech- 
nical instruction, we must take care never to lose sight. 
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These and other difficulties will doubtless be found to gradually disappear in 
the training of young apprentices, who will constitute the workmen of the future, 
and whom, in the interests of trade, quite apart from the material advantages 
which they themselves may derive from such instruction, it is most desirable to 
carefully educate. In Belgium, and in some parts of Germany, where technical 
teaching is better systematized than in this country, the class-rooms, in the 
evening, are filled with young students who attend five or six nights a week and 
follow the several courses of instruction in the order in which tiiey are recom- 
mended to them ; and, in the hope of being able to introduce a somewhat similar 
system into this college, courses of instruction have been arranged, adapted to 
the requirements of apprentices engaged in various industries, but afi'oraing, at 
the same time, an education in the true sense of the word. These curricula have 
been drawn up with special reference to the educational wants of the mechanic, 
the electrician, the metal-plate worker, the cabinetmaker, the carpenter, the 
bricklayer, the plumber, etc., and are intended to supplement without interfering 
with his workshop training. 

In the ordinary teaching of pure science the preliminary stages of instruction 
are such as afford, or are mtended to afford, the best basis on which the super- 
structure of higher knowledge can afterwards be raised, and where the pupil has 
a long course of study before him, to which he can devote himself before being 
required to apply his knowledge to any special art or industry. No better method 
of instruction can be devised. 

But the case is different where the pupil's period of study is necessarily 
limited, and is not long enough to enable him to attain to that higher knowledge 
which would justify the time spent in preparation for it. Indeed, in this respect, 
the practical educator may take a lesson from the builder, who adapts his founda- 
tions to the superstructure to be raised upon them. This question of time is an 
important factor in the consideration of all schemes of technical instruction 
necessitating the early specification of the student's work. For we may take it 
for granted that the pupil requires not only a knowledge of the principles of 
science and of the details of practical work, but the ability to apply the one to 
the other ; and for this reason it is essential that theory and practice should be 
combined in his instruction, and that both should have reference to his particular 
work. 

In this college all the subjects of instruction will be taugTit, as far as possible, 
with reference to the career or occupations of the students ; that is to say, the 
teacher will keep steadily before him the purposes to which the student will apply 
his knowledge in the instruction which he gives him. Indeed, the technical 
teacher ought to be so constituted as to be able to keep one eye on the general 
principles of science, and the other upon the industry which his pupil intends to 
follow. Instruction of this kind must overlap ordinary science teaching and the 
teaching of a trade, and must yet be distinct from either. Between the ordinary, 
or the scholastic, teaching of the elements of physics, and the instruction, for 
example, that might be given to a novice in the manipulation of a telegraphic 
instrument, there is a wide difference ; and it is within this difference that a 
technical teacher is called upon to do his work. So. too, between the teaching of 
Euclidian geometry and the rules that would be given to an apprentice for the 
construction of a particular kind of joint, or the cutting out of a sheet of metal 
to a given pattern, lies the border-land for technical instruction in the applica- 
tion of geometry to joinery and to metal-plate work. 

Speaking generally, the method of teaching science in thisoollege will be based 
on the well-known educational principle that all teaching should proceed from 
the concrete to the abstract, from the known to the unknown. The student will 
be brought into contact, first of all, with the actual working machine, and he 
will then proceed to analyze it into its different elementary parts, and to deduce 
the laws of their action. In this way the principles of science will be derived 
from the mechanical contrivances exemplifying them, just as the laws of growth 
and decay are inferred by the student of biology from the observations of living 
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animals and plants. This method of science teaching has been tersely described 
bj Professor Ayrton as the analytical, as distinguished from the synthetical 
method ; and it is satisfactory to Know that in this college it will receive a l^r 
trial. To the adult stndent the advantage of this system of instruction must be 
plainly manifest, for he, being already familiar with the general character of the 
machinery he uses, will arrive at a knowledge of the abstract principles of 
science by a natural and easy method of inquiry into the causes that explain the 
processes he sees ; and, apart altogether from the material advantages he may 
derive from this higher knowledge, he will be enabled to reach the state of happi- 
ness ascribed by Virgil to the similarly educated agriculturists, 

** — qui potuit venwk eogfh09cere cocmcm.*' 

It is scarcely necessary to add that the teaching in this school will be essen- 
tially practical ; that more will be done in the kboratories, in the drawing- 
rooms and workshops than in the lecture theatres. Indeed, it may be rather 
said that the lectures will form a commentary on the practical work than that 
the practical work will serve only to illustrate the lectures. 

It must be remembered, in considering this difference of method, that the 
main purpose of the teaching to be given in this institution is not to make 
scientiflc men, nor to train scientists, as the Americans call them, but to educate 
technikers, as the Germans say ; to explain to those preparing for industrial 
work, or already engaged in it, the principles that have a direct bearing upon 
their occupation, so that they may be enabled to think back from the processes 
they see to the causes underlying them, and thus substitute scientific method for 
mere rule of thumb. It is almost superfluous to remark that instruction of this 
kind can be given by those only who possess a wide and deep knowledge of their 
subject, and a full and accurate acquaintance with the practical and commercial 
details of the industry or trade to which their teaching refers. Indeed, it is now 
generally recognized that technical teachers must be familiar with the processes 
of the factory or workshop. Teachers of this kind the President of the British 
Association must have had in view when, in his opening address at Southampton, 
contra^ing them with the ardent students of I^ature, the '* High Priests of 
Science," he said : '* It is not to them that we must look for our excellence and 
p^rogress in practical science ; nor mus.t we look for it to the rule-of-thumb prac- 
titioner who is guided by what comes nearer to instinct. It is to the man of 
science, who gives attention to practical questions, and to the practitioner, who 
devotes part of his time to prosecution of strictly scientific investigations, that 
we owe the rapid progress of the present day." Such men, of whom the writer 
himself is so illustrious an example, are difficult to find ; and yet the progress 
of technical education in this country depends upon their supply. . 

The teacher who is to inspire confidence iu his artisan students must address 
them in the language they understand, and must show that he is not beyond 
appreciating practical difficulties which occur to them in their daily work. Dr. 
Siemens further tells us that ** theory and practice are so interdependent that an 
intimate union between them is a matter of absolute necessity for our future 
progress"; and certainly none are more alive to the truth of this proposition, as 
regards educational progress, than artisan students, for it is to them a constant 
source of regret that they are unable to see the relation of scientific truths, as 
they are generally imparted to them, to the work in which they are engaged ; 
and in this complaint, which is so often heard, is found the protest of workmen 
against the divorce of practice from theory in the instruction which they fre- 
quently receive. With the view of indicating the requisite qualifications of the 
technical teacher, the Council of this institute nave inserted in their programme of 
technological examinations a paragraph stating that persons having a practical 
acquaintance with their trade, acquired iu the factory or workshop, and possessing, 
at the same time, such knowledge of pure science as enables them to teach under 
the Science and Art Department, will be registered as teachers by the institute. 

Of the four departments into which the college is divided, that of electrical 
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engineering promises, for some time at least, to be the most attractive to 
students. The applications of electricity to telegraphy, telephony, illumination, 
machinery and locomotion are among the most recent of the practical develop- 
ments of science, and seem to afford a glimpse, if nothing more, of the wider 
field of invention which is yet to be explored. The appetite for wonders grows 
with what it feeds upon, and never before, perhaps, was the world more willing 
to believe in the possibilities of science than now. This univer9al credence 
almost constitutes a new faith. The numerous discoveries fetched within the 
last few years from the seemingly boundless world of physical science verify and 
give a special significance to Cicero's words : 

*< Omnibus fere in rehtu, et maxime inphysicisi quid non ait citius quam quid 
sit, dixerim. 

Although electricity may be regarded, just at present, as the most popular 
of the sciences, the discoveries which have recently been made in other 
branches of knowledge are scarcely less important The skill and the invent- 
ive power of the mechanician have been called into requisition with every 
advance in physics and in chemistry. Indeed, it is only when the inventions 
of physicists and chemists are capable of being adapted to machinery that 
these inventions can be said to be praotioally serviceable. The great discov- 
eries which have recently been rataoe in chemical science, in the application 
of which to industrial purposes the Germans and the Swiss have left us so far 
in the rear, are among the causes that have given rise to the demand in this 
country for the technical instruction which the City and Guilds of London 
are engaged in providing. It may reasonably be supposed that many of the 
students of this college will entertain the laudable ambition to have their 
names enrolled among those who have pushed discovery one step further, 
and have added something to the sum total of human knowledge ; and it may 
be encouraging to these students to be told that they will here receive a 
preparatory training that should help to place the power of discovery within 
their reach. For discovery in science, like design in art, does not depend 
entirely upon, although it is greatly aided by, inspiration and genius. Anyone 
who is carefully trained in the methods of research, who is shown the processes 
by which the system of organized knowledge, known as science, has been 
gradually built up, may reasonably hope to unravel fresh secrets of Nature, 
and to add something to our knowledge of what is or may be. Except, per- 
haps, in the region of chemistry, it is not the masters of acquired knowledge, 
the professors of abstract science, but rather those who have made science 
minister to art — practising first and then calling theory to their aid — who, as 
discoverers, have exerted most influence upon the material progress of the 
world, and have chiefly assisted in the development of its trade and commerce. 

Exhibit T. 

Massachusetts Ikstitutb of Tbchnoloot. — SocnETT of Arts. — Education for 

Railroad Ekoineertno. 

The 851st meeting of the Society of Arts was held at the Institute of Tech- 
nology on Thursday evening, Oct. 38, President Walker in the chair. 

After reading the records of the previous meeting, the President introduced 
Mr. C. D. Jameson, of the Institute, who read a paper on " Railroad Engineering 
Education." 

Mr. Jameson said : " The duties of the first railroad engineers were much 
mere general than those of the present engineers. They located and built their 
railroads, designed their locomotives, rolling stock and bridges, and when com- 
pleted managed the road with success, and this without the aid of experience or 
precedent. Usually they were men who had had no early education or training in 
railroading, but possessed an indomitable will, unlimited patience and a good 
stock of common sense. 
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" We undoubtedly do thin^ more quickly now than then, and in many re- 
opects do them better ; but this is due to the faot that we naturally profit by their 
experience, and also at the present time no one man does the whole of anythingi 
hence he can do his particolar part better. 

" In many branches, however, we have made little, if any, advancement. 
This is particularly the case in the matter of location, where we seem to have 
copied the earlier engineers in their errors, but not in their habits of careful 
observation and study. 

'* The majority of our railroads are uneconomically located, and not only was 
the first cost of construction more than it ought to have been, but the loss in the 
operating expenses is enormous, and increases with increasing business. This loss 
is not, in the majority of cases, due entirely to the engineering profession, but to 
the mistaken policy on the part of 'the management of the railroad companies. 

*' The expenses of the engineering parties on preliminary work and final loca« 
tion are very great, and for much of this expense the management can see no 
direct return, and there seems to be an idea aDroad that most of the money spent 
in this way goes for theory and is of very little practical use to the company. 
Therefore the salary of the locating engineer is comparatively small, and his 
ability is frequently small in proportion. The number of his assistants is kept 
as low as possible and the result is inferior work. The vital principles upon 
which the economic location of a railroad depends are not considered at all, or, 
at the most, in a very slight degree, and the smaller details upon which, to a 
great extent, depends the ultimate financial success of the road, are left entirely 
out of account. 

"After the road is located the management secures the services of the best 
construction engineer possible. This is as it should be ; but no matter how great 
may be the abilities ox the construction engineer, or how much he may save in 
overcoming the defects in location, still the greater part oi the money merely 
passes through his hands as a paymaster, having been actually expended months 
before by the locating engineer. 

*' In order that the railroad engineer of the future may be thoroughly compe- 
tent, both in the ' theory of economic location ' and in the details connected with 
the work in the field, too much attention cannot be paid to this branch of educa- 
tion, 

** We are in an age of specialties. The engineering profession has been sub- 
divided, so that we now have civil, mechanical, mining, hydraulic, sanitary, 
bridge and railroad engineers. In order to reach distinction a man must confine 
himself to his specialty, and if that be railroading, his time either as a student 
or as a man in active work will be amply filled in keeping pace with the age. 

'* There seems to be a tendency among certain classes to sneer at an educa- 
tion, considering the time that is spent at college wasted, and that it might 
have been spent to much greater advantage in actual work in the field. Many 
instances are cited by these people in corroboration of this belief of persons who 
have risen to the head of their professions by their own exertion, without the 
aid of a college or technical education, and also of a large number of men who, 
having graduated from our finest schools, have accomplished nothing. The 
reason for this is not that these unsuccessful men lost anything by going to col- 
lege, but they were greatly inferior in energy and ability to the others. Colleges 
do not profess to make brains, but simply to teach the man to use what he has 
to the best advantage, and the man who is successful without a college or 
technical education would, with this aid, have found the path lo success much 
easier and shorter. 

*' In the years which intervened between the first railroad engineers and those 
of the present they were considered a necessity in locating and building the road 
only. The road was then turned over to business men to manage. As long as 
the roads were small, and the repairs and renewals slight, this worked well. As 
the number of roads increased, and long lines and systems began to be formed, 
the increase of traffic demanded a Urge increase in the size and weight of the 
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locomotives and rolling stock ; this in turn necessitated renewals and additions 
to the roadbed and track, the replacing of the old bridges by new and heavier 
ones. This reconstruction in the form of renewals will neveroease, and with it 
all the railroad companies have come to see the necessity of a permanent and 
reliable engineering corps. Thus the field of work for the railroad engineer has 
broadened from the transient work of locating and constructing the road to per- 
manent positions on established roads, where there are abundant opportunities 
of making good use of his ability. But in order to take advantage of all these 
opportunities there is need of a much broader education in what we may call 
' railway science/ which includes many branches as yet very little taught in 
our technical schools. 

*' Let us now look at some of the items that should be included in a course of 
instruction in ' railway science/ or, as it is commonly called, a ' special course 
for railway engineers.' The length of the course should, if possible, be five 
years instead of four. The first two years should be devoted to laying a firm 
foundation in the general studies, particular attention being paid to mathemat- 
ics, chemistry and physics in their more elementary forms ; the third year to the 
general study of civil engineering, and the last two years to a special study of 
railroads in all their branches. The third year's course should contain thorough 
instruction and practice in the field work of the railway engineer, in both loca- 
tion and construction. When the weather will permit, the field work should be 
Sushed even to the point of sacrificing some of the work in the class-room. The 
eld methods should be taught exactly as they are now used in the best practice ; 
the same terms used, the same organization of parties, and, most of all, the same 
discipline and strict attention to business. The greatest possible attention 
should be paid to the subject of location in all its details in the field, and when 
the student has mastered as far as possible the principles that govern a railroad 
location in regard 'to the geography of the country and understands the actual 
work of putting the line on the ground, then, and not till then, should he be 
instnicted in those finer details and principles of the work called the * Theory 
of Economic Location,' and upon which the true location of a railroad de- 
pends. 

•* This * Theory of Economic Location * should be taught in the last two ^ears. 
Also there should be given a course of instruction in every branch of railroad 
construction, which should contain an amount of hydraulic and sanitary engi- 
neering sufficient to enable the person to build and maintain stations, shops, 
etc., and the proper handling of all the water that may be encountered in the 
construction and maintenance of the road ; the ' maintenance of way ' in all its 
details, both in theory and practice ; the proper management and economical 
distribution of large and small gangs of laborers ; railway management as it 
applies to the operating of the road, such as internal management of the sepa- 
rate departments and their relations to the general management ; the making 
up and running of trains ; running and repairs of locomotives and rolling stock ; 
station and terminal service ; the relation between the railroad and the public ; 
the financial management as to bonds, stocks, leased lines, consolidations, pools, 
etc. ; and all the questions of railway transportation, legislative interference 
and State ownership. 

''In the instruction in any branch of engineering the one thing to be kept 
prominently before the student is economy of design and construction. It is not 
enough to be able to design and construct a bridge of a certain length which 
shall safely hold up a given load, or a station that shall accommodate a given num- 
ber of passengers and trains, but this should be done at the least possible cost. 

'* If a person examines the courses of instruction in the different branches of 
engineering in the various technical schools in this country, he will be struck 
with the antiquated ideas and methods that still prevail in a majority of them. 
With but one or two exceptions there is no instruction given in railroid engi- 
neering proper, and the merest outline of the principles of location and con- 
struction. There are undoubtedly some reasons why the schools are so much 
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behind the times, and one of the roost common and at the same time the most 
serioas is the lack of money. Another is the low standard of admission, in con- 
sequence of which the whole of the first year is oocapied in teaching what ought 
to hare been learned before entering. The standard of admission is often low- 
ered to attract students, but it is a suicidal policy and soon ruins the reputation 
of the school. Every school should have an endowment large enough to pay all 
salaries and running expenses without depending in the least on the tuition of 
the students. Students should not be admitted until they are eighteen years of 
age, so that they will bo able to lully appreciate the advantages offered them. 

** Still another reason Is in the fact that the faculties of many of the technical 
schools have allowed themselves to get into ruts, from which it is 4ifflcult to 
move them. With the exception of the first, those reasons may be classed under 
the head of bad management, and the trouble can be easily corrected. 

''Every advantage should be placed at the disposal of the student. All the 
apparatus necessary for experiment of every kind should be provided ; a good 
library containing every book of worth bearing on the different subjects ; a 
good, quiet reading-room where all the engineering periodicals of the ^y are 
accessible. The student should be encouraged to do as much reading from a 
literary standpoint as possible. It teaches him how to think and to express his 
thoughts in a clear, logical and grammatical manner. 

*'Ue should be taught habits of application and the power of being able to 
concentrate the whole mind for the time being upon whatever work he has in 
hand. In other words, he should be taught to study so that when be leaves he 
will not only be able to profit by his own experience as it comes slowly, but, 
what is far better, to profit by the experience of others, and thus at once advance 
to a point which it would take him years to reach by himself. 

*' Ihiring the yeiirs spent at the Institute the student should examine as much 
as possible all engineering works that can in any way interest him while in 
process of construction. 

** In conclusion, let me say that the student should be so drilled that when he 
graduates he can have not only the diploma of the school, but, what is of more 
importance to him, can accept any position in his profession that offers, prove 
himself of use, and therefore a necessity to his employer, and earn a living for 
himself.'' 

The paper was followed by a lengthy discussion, in which President Walker, 
Professor Swain, Hon. J. A. Dresser. Mr. Oeor^ire R. Hardy and Mr. Dwight 
Porter took part. The meeting adjourned with a vote of thanks to Mr. 
Jameson. 

Exhibit U. 

Baltimorb and Ohio Ratlkoad Company, 
General Manager's Office. 

General Order No. 5, Baltimore, January 15, 1885, 

Executive Order Ko. 6, dated January 15, 1885, from the office of the Presi- 
dent, is republished for the information of those concerned [see Exhibit A] : 

In accordance therewith, tho following general regulations governing the 
appointment, admission and service of Apprentices of the Baltimore and Ohio 
Railroad Company are announced, superseding all previous regulations relating 
thereto : 

Section I. 

1. On and after this date all Apprentices will be embraced under the following 
general designations, and graded into three classes— viz. : 

1st (Junior) Class, B. &0. Apprentices ; 2d Class, B. &0. Cadets ; 3d (Senior) 
Class, B. & 0. Cadet Officers. 

2. The term of service in the several classes will be : First class, 4 years ; 
second class, 3 years ; third class, 3 years. 
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8. As the Baltimore and Ohio Railroad Company undertakes the expense oi 
educating Apprentices and Cadets passing ihe physioivl and educational exami- 
nations, it will expect the privilege of availing of the services of such us are 
oompetent for its purposes, at fair salaries, for at least three years after 
graauation. 

4. Apprentices and Cadets will be amenable to the discipline and regulations 
of the (>>mpany, and violation of its rules, neglect of ils interests, destruclion 
of its tools or waste of its property, will be cause for dismissal. But. while 
liable to suspension by their immediate official superiors, Apprentices and Cndets 
cannot be dismissed except by the direct action of the General Manager of the 
Company ; his decision as to dismissal being final and conclusive. 

6. The pay of Apprentices and Cadets in the several classes will be : 



First Ci^ass. 



1st year, $ .70 per day. 
2d " .80 •' 
8d " .90 " 
4th •« 1.00 " 



Second Class. 



1st year, $1.00 per day. 
2a •• 1.12J 
3d " 1.25 



«( 



$4 



Third Class. 



lot year, $1.60 per day. 
2d •' 1.75 
8d •* 2.00 



<« 



<( 



commencing with the date of their admission into the service. As an incentive 
for efficiency, fidelity, industry, energy, and care of its property, tlie Company 
will give to each of its Apprentices, on the completion of his term of four years' 
service in the first class, and to those Cadets passing through the full oourses of 
the seoond and third classes, whose record for that time has been praiseworthy 
and satisfactory, a sum equal to eight and a half cents per day for each full day 
they serve in the first class, and twelve and a half cents for each full day they 
serve in the seoond class. 

0. The Cadets of the second and third classes— and all students of the Techno* 
logical School — ^will be required to wear in the School, on all public occasions, 
and at any and all other times designated by the General Manager, a prescribed 
uniform, all the parts of which will be of like pattern and will befumislied by 
the Purchasing Agent — the first suit free, and all renewals at cost price ; pay- 
ment being arranged in instalments to suit the means of the Cadets. 

7. Apprentices possessing the qualifications and standard of attainments 
required of students of the Technological School at Mt. Clare, Baltimore, and 
all Cadets, are entitled to enter that institution. Students of the Technological 
School, either of whose parents have been in the employ of this Company for 
five consecutive years, are entitled to free tuition and use of text-bouks and 
apparatus. Other students, sons of employes of le»s than five years' service, are 
entitled to free tuition in the first class, and to tuition in the second and third 
classes at half the rates fixed for other students by the regulations of the Tech- 
nological School. Apprentices and Cadets appointed outside the service, while 
under pay from the Company, will be chargea full tuition fees for instruction in 
the Technological School. 

8. Apprentices or Cadets of one class can, in the discretion of. the General 
Manager, be promoted into a higher class before the expiration of the full term 
of their respective classes, on the certification by the Corps of Instructors of the 
Technological School of their having satisfactorily passed examinations entitling 
them to such promotion. Such examiniitions shall be graded, and those of 
higher grade suhII first be promoted. But no Cadet Ollloer will be gmduatetl 
until he shall have taken the full course of instruction of the third class. 

9. In filling vacancies in the second class, other things being equal, prefer- 
ence will always be given Apprentices, in order of merit, over other outside 
applicants for such caaetships. 



49 

10. No appointmrnt shall be made inr Uie grade of Cadet Officen except from 
Cadets of tne seooiid olaw» in the order of merit* aa certified bj the Corps of 
Loetruotore. 

11. Oa the completion of their courses, members of the several classes will be 
entitled to a final examination by a Board composed of members of the Corps of 
Instructors and Railroad Officials appointed for this duty by the President of 
this Company, and upon fiassing satisfactorily such final examination, will be 
awarded dinlomas setting forth their qualiiications and entitling them to prefer- 
ence over all other applicants not thus graduating, in appointments to the higher 
classes or in filling vacancies in positions of responsibility in the gift of this 0)m* 
pany, as they may elect, and as the Board may recommend. 

13. Regniar attendance upon the sessions of the Technological Sehool is obliga- 
tory upon all Cadets and upon all Apprentices located at Baltimore as the Board 
of Examiners may determine are fit to enter the School, and they will be equally 
amenable to the discipline and reguktions of the School as to those of the 
Company. 

13. Students at the Technological School will have the privilege of purchasing, 
in small instalments, such of the tools, implements and text-lK>oks used in' the 
course of instruction there as they may desire and as may be deemed useful to 
them after graduation. 

14. Apprentices and Cadets are rec^uiiied to become members of the Baltimore 
and Ohio Employes' Relief Association, the same as other employes, and are 
entitled to all the privileges of its Savings Fund and other features. 

15. Throngh the Free Circulating Library at Mt. Clare, Apprentices and 
Cadets residing outside of Baltimore can obtain the free use of text-books and 
apparatus to enable them to follow the course of the Technological School. 

APPOINTMENT OF APPRENTICES AND CADETS. 

Sbctiov II. 

1. Apprentices and Cadets are not bound by indenture, but those who com- 
plete satisfactorily the terms for which they are engaged will be given certifl- 
oates of general character and ability. 

2. The number of Apprentices and Cadets will be regulated by the General 
Manager, who, under these regulations, will have the exclusive appointment 
thereof and their assignment among the various departments and stations of the 
service. All applications for appointment should be addressed to him. 

8. Other things being equal, preference in appointments will be given sons of 
employes of long and faithful service, and especially the sons of employes killed 
or disabled in the service. To enable the sons of employes to enjoy this privi- 
lege to its fullest extent, free transportation from points on this Company's lines 
nearest their homes, to the place of examination and return, is offered them ; 
candidates paying their own travelling expenses. 

QUALIFICATIONS OF CANDIDATES. 

Section III. 

1. Candidates for admission to the first class must be between 15 and 21 years 
of age, and to the second class between 17 and 22 years of age. 

2. Candidates must, at the time of examination, be physically sound, of robust 
constitution, and generally free from any deformity, hereditary or acquired, 
tendency to disease or infirmity which may render them unfit for the active 
service of this Company. 

8. Candidates must be well versed in reading, writing, including orthography, 
in arithmetic, and have a knowledge of the elements of English grammar, and 
of descriptive geography, and of the history of the United States. 
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4. Candidates will be examined : fii*8t, by two Medical Examiners of the Relief 
Association, whose decision as to their physical qualifications shall be final ; 
second, by one or more Instructors of the Technological School, whose decision 
as to their educational qualifications shall be final. 

5. The Examining Boards will meet at Mt. Glare Station, Baltimore, on the 
first Monday of each month, when there are candidates for examination. No 
candidates will be allowed re-examination within three months of last rejection 
by either Board. 

0. Candidates who pass the physical and edncational examinations will be 
required to become members of the Baltimore and Ohio Employes* Relief 
Association. 

[An illustration of the character of examination which applicants for appren- 
ticeship will be expected to pass is appended to this order.] 

Skction IV. 

1. In the order of seniority of examination, and as vacancies occur, candidates 
will be assigned to probationary duty in the particular branch of the mechanical 
or other operating department in which, through inclination or aptitude, as 
determined by their examination, they are most likely to succeed. 

2. At the expiration of six months they will be re-examined, and those passing 
will receive warrants of appointment, and will be assigned to the respective 
classes their qualifications entitle them to enter. Those found to be specially 
advanced or apt will, with their consent, be detailed to duty at the Company s 
works, Mt Clare, Baltimore, where, in the Technological School, they will have 
special opportunities for technical instruction. 

Section V. 

A Board for the examination and classification of all Apprentices now in the 

service is hereby convened. Messrs. and are designated 

as the members of the Board to conduct the examination as to educational 
qualifications, and the Secretary of the Relief Association will detail two Medical 
Examiners to serve thereon. The Board as thus constituted will immediately 
enter upon its duties. 

The Board of Examiners will convene on the first Monday of each month at 
Mt. Clare, Baltimore, for the examination of candidates ordered before it by the 
General Manager. As the finding of this Board will be final, and as a sound 
body and constitution, good natural capacity and aptitude for study, industrious 
habits, perseverance and an orderly disposition, together with a correct moral 
deportment, are essential qualifications, candidates knowingly deficient in any of 
these respects should not subject themselves and friends to the chances of future 
disappointment by entering upon a career which, lacking these qualifications, 
they cannot successfully pursue. 

B. DUNHAM, Oeneral Manager. 

ILLUSTRATION OF CHARACTER OP EXAMINATIONS. 

Section VI, 
Physical Examination. 

Every candidate will be subjected to a rigid physical examination, and if 
there is found to exist in him any of the following causes of disqualification, to 
such a degree as would imroedintely, or at no distant period, impair his efficiency 
for the active service of this Company, he will be rejected : 

1. Feeble constitution and muscular tenuity ; unsound health from whatever 
caufic ; indications of former disease ; glandular swellings or other symptoms of 
scrofula. 
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2. Chronic cutaneous affections, especiallv of the scalp. 
8. Severe injuries of the bones of tlie head ; couTulsions. 
4. Impaired vision, from whatever cause; inflammatory affections of the 
ejelids ; immobility or irregularity of the iris ; fistula lachrymalis, etc., etc. 
6. Deafness ; copious discharge from the ears. 

6. Serious impediment of speech. 

7. Want of due capacity of the chest, and any other indication of a liability 
to pulmonic disease. 

8. Impaired or inadequate efficiency of one or both of the superior extremities 
on account of fractures, contraction of a joint, deformity, etc. 

9. An unusual ezcurvature or inoun'ature of the spine. 

10. Hernia. 

11. A varicose state of the veins of the scrotum or spermatic cord (when large) , 
saroooele, hydrocele, fistulas. 

12. Impaired or inadequate efficiency of one or both of the inferior ezti%mities 
on account of varicose veins, fractures, malformation, permanent lameness, con- 
traction, unequal length, etc., etc. 

13. Ulcers, or unsound cicatrices of ulcers likely to break out afresh. 

Educational Examination. 

The following outline, problems, and questions are given as illustnting the 
nature and scope of the educational examinations. While these illustrate the 
character of the examination, it should be distinctly understood that different 
questions will be used at each examination. The examinations will be part 
written and partly oral. 

Arithmetic. 

a. Fundamental rules, with methods of proof and reasons lor processes. 

b. Factoring : G. C. D. and L. C. M. and their applications ; common and 
decimal fractions, their kinds, solution, and reduction from one to the other, 
with both the rule and the recMon for each operation. 

e. Denominate numbers ; tables ; reduction, ascending and descending ; 
changing denominate numbers to equivalent decimals. 

d. Ratio and proportion, their kinds, methods and applications. 

6. Mensuration of lines, surfaces, and solids, and their representation by 
drawings. 

/. Percentage and its applications. 

a. Involution and evolution, and their applications. 

n. Analysis of mental problems. 

Illustrative Problems and Questions, 

1. Write in figures one hundred and sixty billion three million seventy 
thousand and five. Write in words 246004050. Write in Roman numerals 
40, 00, 144 ; and in Arabic numerals L, XIV, LIX, GVIII and IXX^LXXV. 

2. Add two and five-tenths, eighty-six thousands, twenty-four ten-millionths 
and 3-tenths, multiply the result by .0002, and divide the product thus obtained 
by .00004. 

3. Find the cost of 20 acres, 3 roods and 80 perches of land at $62.50 
[jer acre. 

4. A man sold 24{ bushels of wheat at $2} per bushel, and received in pay- 
ment apples at $3} per barrel. How many barrels of apples did he receive ? 

5. Reauce 6 furlongs 20 rods to decimal of a mile. 

6. Reduce .0250 to a common fraction and ^^ to a dec|mal. 

7. Add J. iV» iif 4' cknd divide the result by }. Also reduce to its simplest 

form ?i±^. 

t 
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8. Define fraction, common fraction, decimal fraction, proper fraction, mixed 
number, division, greatest common divisor, least common multiple, caQcellati<m, 
Ipng division, and denominator. 

9. Find the prime factors of the following : 356, 312, 63, 280, 280 and 1886. 

10. Divide tne least common multiple of 240, 720 and 150 by the greateat 
common divisor of the same numbera 

11. Find the intereet on $240 for 3 years and 6 months at 8^ . 

12. How must I sell cloth that cost $4 per yard so as to gain 20^ ? 

18. A and B together have $540, and A has twice as much as B. How mooh 
has each? 

14. |of 24 is i of what number ? 

15. What number divided by .024 will yield a quotient of .25? Prove. 

16. Find the area and hypothenuseof a right-angled triangle whoee base is 240 
and altitude 75. 

17. How many men would be required to cultivate a field of 2| acres in 5jf 
days of 10 hours each, if each man completed 77 square yards in 9 hours? 

18. If 5 cubic feet of gold weigh 98.20 times as much as a cubic foot of water, 
and 2 cubic feet of copper weigh 18 times as much as a cubic foot of water, how 
many cubic inches of copper will weigh as much as } of a cubic inch of gold ? 

19. What is the effect of dividing the denominator of a fraction by a whole 
number, and why ? 

20. What is the effect of annexing a cipher to a decimal, and why ? 

21. If the same number be subtracted from both terms of an improper f notion, 
what will be the effect ? Why ? 

22. Give the rule for reducing a common fraction to an equivalent decimal, 
and explain why the resulting decimal will be equal to the uommon fraction 
from which it is obtained. 

23. Give the rule for dividing one decimal by another, and explain why the 
decimal point in the quotient is placed where the rule directs. 

Gbamhab and its Applications in Conversation, in Letter- 
Writing, AND in Composition. 

OuUine. 

a. The parts of speech, with their properties anii inflections. 

b. Analysis of ordinary simple, complex and compound sentences, and the 
ftmdamental relations of subject, copula, predicate, object, etc 

6. Punctuation, capitalization, spelling, etc., in original composition or from 
dictation, 

d. Corrections of improper use of words, constructions and sentences, in ordi- 
nary conversation, and in composition and letter-writing. 

Jlludtrative Exerdae in Orammar, 

1. Name the parts of speech and define noun, adverb and con junction. 

2. Name the properties of the noun ; of the verb. 
8. Decline boy, he, it and who. 

4. Conjugate the verb to throw in the indicative mood, past tense, passive 
Toice. 

5. Write the plural of lady, turkey, this, that, box, house, potato, moose, 
sheep and father-in-law. 

6. Name the relative pronouns and compare good, little, old, happy, big, thin 
and likely. 

7. Parse all the words in the following sentence : The birds sing merrily in the 
green trees. 

8. Correct the following and give reasons : 

a. Him and me will come. 

d. lie saw John and 1 in the garden. 
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c. Who did she many ? 

d. Between you and I there is bat little difference. 

6. I laid down and slept because I was to tired to set up. 

0. Capitalize, punctuate and correct the following sentences: 

a. the Groves were gods first temples 

b, when will Tou and i get there 

e. John left New jork i cannot tell when he will git Home. 

d. John, and me and James went to school, at Boston last winter. We 
got home on thnrsdaj. 
10. Write a description of this room and its furniture. Be careful to capi- 
talize and punctuate correctly. 

Geogbaphy. 

1. Give the distance in miles around the earth ; also the length of its diameter. 
How wide is the Atlantic Ocean ? How far would you have to travel in going 
across the United States from east to west ? from north to south ? When you do 
not know the exact answer, put down about what you think would be the correct 
answer. 

2. Name the grand divisions in order of their size ; of their population. Where 
do the most highly civilized nations lire ? 

8. Bound Europe and name five of its principal rivers, telling where they rise 
and empty. Also name and locate five of the principal cities of Europe. 

4. Name the principal mountain systems of Asia; of Africa; of South 
America. 

5. Name the States of the United States that border on the Atlantic, and 
give the capital and metropolis of each. Also name the largest State of the 
Qnited States ; the smallest ; the most populous. 

6. Give the leading products of Georgia ; of California ; of Pennsylvania ; of 
Hlinois. 

7. Locate the following and tell what they are: Sahara, Washington, 
Columbia, Portland, Blanc, Nile, and Mexica 

8. Bound the United States, and give its area and population. 

9. Name the political divisions of South America. 

10. Write fifteen lines about Africa. 

11. Bound your native State, giving its capital, metropolis, and principal 
products. 

12. How are United States Senators elected, and for how long a term ? 

United States Histoby. 

Outline. 

a. Aborigines of America. 

b. European settlements, when, where, and by whom. 

c. Colonial history, and inter-colonial wars. 

d. American Revolution, its remote and immediate causes and results, 
s. Constitution, why and when adopted ; its departments and powers. 
/. The Presidents and events of their administrations. 

a. War of 1812 ; Mexican War ; Civil War. 
A. Current events. 

Illustrative Queetione. 

1. Tell something about Columbus, stating where and when he lived, what he 
discovered, what voyages he made, etc. What do you think of the treatment 
that he received ? 

2. Name the different European countries that tried to get possession in 
America, and tell which three were the most successful. 

8. Give an account of the French and Indian War, telling what it was about 
and how it terminated. 
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4. Write thirty lines about the American Revolution, telling its cause, naming 
five princi|)al battles, three generals on each side, etc. 

5. What was the I)eclaration of Independence ? Who wrote it ? 

6. Name the Presidents of the United States and give the leading events of 
Jackson's administration. 

7. Tell somethinp: about Franklin, Wolfe, Morse, Fulton, Longfellow, Emer- 
son, Arnold, and Alexander Hamilton. 

8. What cities have been the capital of the United States ? 

9. Whftthappenedinl403? 1565? 1607? 1620? 1770? 1876? 

10. How long did the war of the Rebellion last, and during whose adminis- 
tration did it take place ? State the provisions of the Fourteenth and Fifteenth 
Amendments. 

11. What is the objectionable feature of Mormonism, and what measures have 
been advocated in Congress to eradicate this evil ? 

12. What event is there talk of celebrating by an International Exposition at 
Washington in 1889 ? In 1892 ? 

18. What is the use of International Expositions? 

Note. — It is suggested to candidates for admission to the Corps of Appren- 
tices and Cadets that, before leaving their places of residence, they should cause 
themselves to be thoroughly examined by a physician, and by a teacher or 
instructor of good standing. By such examinations any serious physical dis- 
qualification or want of educational preparation would be revealed, and the 
candidate spared the expense and mortification of a useless journey and rejection. 
But it is to be understood that such examination is solely for the convenience and 
benefit of the candidates, and 4ii no manner affects the decision of the Ofidcial 
Examiners of the Board. 

Exhibit V. 
BALTIMORE AND OHIO TECHNOLOGICAL SCHOOL. 

CiRCULAS No. 1. 

Baltimore, October 1, 1885. 

In view of the necessity of postponing for the present the initiation of the 
Technological School program in its entirety, the present course of instruction 
will be conducted with special reference to its practical utility : 

First. In advancing the entire force of apprentices within reach of its influ- 
ence in their several mechanical pursuits ; and 

Second. In advancing the theoretical instruction, as far as may be practicable 
with the limited appropriation at command, of such apprentices as past exami- 
luitions have shown possess sufficient common-school education to justify the 
hope that they can, without additional school-training in academic studies, 
qualify themselves for positions as officers in its service. So far as may be practi- 
cable, the work of the school shall have a direct bearing upon, and immediate 
connection with, the various duties in the shop with which the apprentices are or 
may be charged. To this end the technological and academic in^trnction will be 
carried on under separate instructors, each responsible for the conduct and suc- 
cess of his particular department, and each reporting to the undersigned, as 
repi'esenting the Board of Directors of the Technological School. 

To Mr. C. W. Scrtbner, as a specialist in technology, and as senior instructor, 
is assigned charge of the practical instruction of apprentices in the shops and 
drawing-room. He will be at liberty to maintain such separate class-instruc- 
tions in purely technical subjects as he deems necessary to promote the interests 
assigned him, and as will not interfere with the apprentices' shop and academic 
duties. In the performance of this duty he will spend not less than six hours 
per day in the shops, and not less than two additional hours in the drawing- 
room^ and in such class-instructions as he may inaugurate, Sunday excepted. 
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His duties as technological instructor will consist : 

First. In exercising a general supervision over apprentices in the shops and 
in applying their theoretical knowledge to their labors. 

This duty will be performed iu accordance with a plan to be agreed upon 
between the instructor and the several foremen : which plan must be of such 
character as will give the instructor proper facilities for overseeing and directing 
the labors of apprentices, so far as they are learners, and to question and counsel 
any boy or boys while at work, in order to determine their understanding oC 
what they are doing, to make explanations and to direct their operations in 
such way as to enable the apprentices to gain comprehensive and practical 
knowledge of the scientific principles involved in what they may be doing. 

In exercising this duty, the mstructor will have no right or authority to 
antagonize or interfere with the orders of the foreman in charge, so far as they 
relate to the Company's work, nor to interfere with its proper performance ; nor 
shall he, for the purpose of instniction or examination, unnecessarily, nor for 
any great length of time, even whon necessary, retard the work which the 
apprentices are doing. To prevent confusion in the Company's work, it is to be 
understood that the foremen have the undisputed right to decide what work is to 
be done by apprentices and when it is to be done ; the recommendations of the 
instructor in the matter of the assignment of apprentices shall be made first to 
the foremen, and shall be carried out by them unless they are clearly in conflict 
with the interesta of the service. In each case where the instructor and foreman 
fail to agree, either in formulating the plan for the joint management of appren- 
tices or upon the proper interpretation and scope of this arrangement, the 
question or dispute shall be referred to the Master Mechanic or Master Car 
liuilder, to whom the foreman reports, and if he cannot satisfactorily adjust the 
difference, the whole matter will be referred to the General Manager for settle- 
ment. 

The foregoing applies to all apprentices at Mt. Clare Shops. 

Second. A certain number of hours per week, not fewer than three, shall, 
by agreement between the instructor and foremen of the various shops, be FCt 
aside, in which the technological instructor shall assemble the apprentices of the 
first class for the purpose of explaining the scientific principles that are involved 
in the work on which they are engaged, of suggesting and illustrating the most 
economical methods of work, of showing how different parts of machinery are put 
together, and of pointing out the office of each part. He shall explain why some 
other way of constructing or doing such work would not do just as well, and be 
as economical as the way he suggests. He shall point out difficulties that are yet 
to be overcome in the construction and operating of machinery, and, in short, 
make the instruction of such a character as to set apprentices to thinking and 
devising for themselves. He shall also give instruction on the nature of the 
materials, and in the use and care of tools and machinery. 

In the performance of these duties he shall have authority to utilize the 
machinery in the shops where the same is not in use. 

The technological instructor shall study the machinery and methods of work 
now in vogue in the shops, and shall make recommendations to the foreman or to 
the Master Mechanic or to the Master Car Builder, as the case may be, of any im- 
provements in the method of work, in tools, in machinery, or anything that in 
his judgment will increase the efficiency of the shopa 

He shall also study the shop- work with a view of recommending to the under- 
signed what academic subjects might be taught in the school, and the best methods 
of teaching them with a view of their immediate application in connection with 
the shop-instruction. 

He is expected to study and make note of the capabilities and the aspirations 
of the various apprentices, and the joint recommendations of the instructor and 
the foreman to the General Manager, through the Intermediate officers, as to the 
aptness, progress, skill and commendable traits of any apprentice, shall determine 
whether nis apprenticeship shall continue for a longer or shorter period than the 
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usual time prescribed (four years) ; but no boy whoso standfng in the- school- 
studies is habitually low shall have the time of his apprenticeship reduced to less 
than the usually required four years, howerer e!rpert ne may become in the shop. 

The shop-instructor shall, during the academic year (being guided by his ex- 
perienoe and observations in the shops), make a classification of the re^lar 
kinds or pieces of work which are constantly required to be done in the shops, 
and on which apprentices should hare practice, and arrange them in the order 
in which it is best to have apprentices take them up in learning their trade, sub- 
mitting the same to the Master Mechanic and Master Car Builder. 

He shall also, during the academic year, outline methods of instruction and 
recommend the academic studies that, in his judgment, are most suitiible for the 
apprentices of each trade, and for the students of civil and mechanical engineer- 
ing, with a view to preparing a permanent program and prospectus for the 
succeeding year. 

In all matters relating to the school he will report direct to the undersigned. 

To Mr. Coler is assigned charge of all academic studies, which will for the 
present be confined to the several sections of first-class apprentices. 

Under this arrangement he will spend not les^ than eight hours per day in the 
discharge of his duties. Of this time he may devote one or two hours daily to 
the shops, in order to observe the needs of apprentices, the work and equipment 
of the shops, so as to make the school-instruction both practical and interesting, 
by drawing his illustrations in teaching as far as possible from machinery and 
operations in the shops where the boys are daily employed. 

The academic department shall include three sections of apprentices. The 
first grade shall consist of all those who are qualified to meet the requirements 
of General Order No. 5 foradmisf^ion to the first class therein mentioned. 

The second section shall consist of such apprentices now in the service as may, 
with a rettfonable amount of teaching, be qualified for admission to the first 
section. 

The third section shall consist of all other apprentices whose time of appren- 
ticeship does not expire before Januarjr 1, 1887. 

All apprentices who receive academic instruction (Sections 1 and 2) mnst take 
Drawing at least two hours each week. The technological teacher may also 
require apprentices who are not in these sections to take Drawing. 

The subjects for academic instruction for the first class are Algebra, Greome- 
try, and English and Elementary Science. 

Apprentices who are preparing for admission to the first section are to be 
known as second -section students. 

These shall take Arithmetic in addition to Drawing as required studies, and they 
shall choose a third subject from the following : Hii»toi7, Geography, English, 
Elementary Scieme, Steam and Steam Engine, and Mensuration. 

Apprentices of the third section are required to take Drawing at least two hours 
per week. They may at any time enter either of the other preparatory sections, 
provided those sections are not already full, and provided they are qualified to 
profit by the instruction to be given in the class, which last is to be decided by 
Mr. Coler. 

Students of the third section must attend the free city night schools nearest 
to their homes, and it shall be the duty of Mr. Color to see that this requirement 
is fulfilled. 

Each teacher shall make a weekly report of how much time he has spent in 
each shop and school-room, the character of teaching, results, etc. 

Each to report directly to me, but to recommend jointly anything that relates 
to their two departments. 

W. T. BARNARD. AssL to President. 
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Bxhibit W. 

SCHOOL REPORTS. 

January 80, 1887.* 
Da. W. T. Barnard, Assistant to President. 

Dear Sir : — In compliance with your request for a special report, showing 
what has been accomplished by the Technological School from its inauguration 
to the present date, I respectfully submit the following : 

From the Circular of January 15, 1885, setting forth the management and 
policy of the school, and from your subsequent instructions, we have understood 
the purpose of the school to be threefold : 

1. To maintain an educational examination as a condition of admission to 
apprenticeship, and to afford such elementary technical instruction to all appren- 
tices as would make of them intelligent journeymen ; the apprentice instruction 
to be known as the Journeyman's course ; this course to lie free to all appren - 
tices, and to serve as preparatory for the Cadet course for young men whose 
ability and character are good, but who need preparatory training. 

2. To organise a class of Cadets for advanced technical instruction in such 
subjects as bear upon the departments of railway service in which they are to 
engage ; the object of this course being to fit young men to become foremen and 
for other subordinate positions ; this class to Ite composed of apprentices or other 
young men who shall pass a required examination and present testimonials of 
ability and character ; a reasonable tuition to be char^red for this course. 

8. To secure to the service as Cadet officers a limited number of young men 
possessing superior ability and educational qualifications, to whom thorough and 
comprehensive technical instruction should be afforded, whilto at the !«ame time 
these young men should get a comprehensive and practical knowledge of the 
▼arions departments of railway service and ihe mutual relations of these depart- 
ments ; the object of this course being to fit the students for the highest posi* 
tions of responsibility in the service. 

It is with these ends in view that we have been guided in the management 
of the school, and ourplans have all along contemplated an early organization, 
of the Cadet Class. With reference to the Cadet Officers' Class, we have under- 
stood that it was your policy not to admit young men to that course of study 
until they shall have completed the Cadet course and thus have demonstrated 
whether it will be profitable to the company to continue instruction to them. 
We have not, therefore, undertaken, except in a general way, to forecast the 
su^ects of study and the management of that class. 

That thei-e are substantial reasons for the apparently slow progress we have 
made, and that we have nevertheless worked out results and gained experience 
that will be far-reaching in their economic value and otherwise beneficial conse- 
quences, providing it is thought best to continue the school, will appear from 
considerations and facts to be set forth in detail in what follows. 

In February, 1885, one hundred and forty-seven apprentices, then in the 
service at Mt. Clare, were examined b^ Mr. Scribner and myself, and in July 
and August of the same year Mr. Scnbner and Mr. Sullivan examined about 
three hundred and fifty apprentices in the shops along the line. The results of 
these examinations went to show that not one oC the five hundred boys and young 
men in the various repair and construction shops was sufiiciently advanced to 
pursue technical studies with profit to the Company and to himself. We 
were greatly surprised that among so many boys there should be found such 
uniform deficiency in the most elementary school-studies. Combined with this 
lack of elementary knowledge was a corresponding lack of inclination on the 



* Although my report la dated October. 18S6. the last sections were unavoidably delayed, 
80 that school reports of this d»te. are inaerted. W. T. B. 
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part of these apprentices to make of theraselyes anything more than ordinary 
routine and mle-of -thumb mechanics. It roust be evident that such apprentices 
will require constant supervision in even the simplest details of their trades, and 
that >?hen they become journeymen they will be untrustworthy and un progressive. 

Thinking that perhaps a few of the most promising boys might, by receiving 
preliminarv training in uij?ht-class«s for six months or a year, be prepared for 
the more elementary technical studies, we determined to give them instruction in 
the rudiments of grammar-school branches. Having secured an order from the 
General Manager to this effect, we required about forty boys to attend ni^ht- 
classes from the first of March to the twentieth of June, 1885. This was oone 
with the hope that all might profit to a certain extent by the elementary instruc- 
tion thus afforded, and that from these forty boys there might be a dozen or 
more who would work their way up so as to profit by the technical course we 
had in view for apprentices ; but a short experience convinced us that for the 
most of these boys the attempt was made in vain. Some would if they could ; 
others could if th«y would. Only three out of these forty apprentices have 
made commendable progress in all the school-studies, though none of them are 
any the less valuable to the service for having been required to attend the 
classes, and several have done well in drawing in spite of their deficiencies in 
academic studies. 

It would be wrong to attribute the failure of these boys to advance in 
theoretical studies wholly to their inability or unwillingness to profit by the 
class-instruction that was offered them. It should be remembered tmit in 
addition to their not having previously formed habits of study — a fault of 
their parents and former teachers— these boys came from daily associations in 
the shops, the very atmosphere of which was discouraging to efforts for mental 
improvement; for the idea that a workman should pursue school-studies has 
almost invariably been ridiculed in the shops, — and ridicule is apt to dampen the 
ardor of students who have not advanced far enough in studies and experience 
to appreciate the importance of education. Moreover, the work of instructing 
apprentices was new to the teachers^ and we made some mistakes, one of which 
was an nttempt to put all boys through precisely the same kind of training 
without regard to individual aptitudes. I think, too, that the work at first 
attempted wus too severely mathematical for apprentice studies. Dry, abstract 
mathematical drill will not interest apprentice boys, nor make intelligent, think- 
ing mechanics of them. With the exception of drawing, wc did not succeed in 
giving the instructinn enou^i^h of a tangible and practical bias to encourage boys 
to take an interest in our classes. 

From ray own experience and study of the subject since my connection with 
this school, nnd from the testimony of teachers and employers in Europe who 
have made similar attempts, X am convinced that while it is possible and desir- 
able to educate apprentices in technical subjects during apprenticeship, even 
though the instruction be wholly confined to night-classes, it is equally certain 
that to try to educate boys who have not formed habits of study before entering 
upon apprenticeship is a useless wtiste of time, patience and money. Although 
there may be exceptions, the results are usually very meagre and unsatisfactory. 

Since March, 1885, there have been, in accordance with your plans and 
instructions, regular educational examinations every month, except July, 1886, 
of applicants for apprenticeship ; and, with two or three exceptions, no boys have 
been admitted to apprenticeship at Mt. Clare without first trying this examina- 
tion. At first we had to make the standard of requirements very low, in order 
to get enough boys to supply the demand for apprentices ; but there has been a 
gradual, though deciderl, elevation of that standard, so that at the present time 
none can be admitted without a fair knowledge of the rudiments of elementary 
English branches ; nor then without demonstrating some ability to think, and 
expressing a willingness to avail of the school-instruction by regular and prompt 
attendance at the classes if admitted to apprenticeship. 

As the result of these examinations, we had, when the school year began in 
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October, 1885, about thirty apprentices capable of pursnibg more adyanced 
studies. Guided somewhat by our experience tlie preceding term, and profiting; 
by observations that I had made in the management of workingmen's and 
apprentice schools in Europe, we made some decided changes in the subjects and 
methods of instruction. Chisses were formed in drawing, in mathematics, in 
the study of the locomotive engine, and in physics. Instruction was also given 
in Baglish and in history, and a few classes were still sustained for the element- 
ary instruction of the forty boys who had been in the school the previous term. 
These classes, with some changes and additions, were sustained during the school 
year ending in June, 1880, and about eighty different boys, more or less advanced, 
received instruction during that year, all of whom were required to take drawing 
and to choose at least two academic studies. In addition to the general class- 
instruction, boys were encouraged to read many books on general and technical 
subjects, and a few of them were induced to take an interest in the scientific 
and mechanical journals which come regularly to our library. We also had a 
number of science lectures illustrated by simple experiments. These exercises 
proved both interesting and instructive to the boys. 

For a more complete and detailed statement of the academic work undertaken, 
and which with some modifications was carried out in the school year ending 
June 1, 1886, I respectfully refer you to my report of October 9, 1885, a copy of 
which I hand you herewith.* But the work accomplished by the school for that 
year was by no means confined to academic studies and class-instruction. 

•Mt. GLABX, October 9, 1886. 
Da. W. T. BABKASD, AitUtaut to PretidenL, 

Dear Sir:— The foUowlng Is tbe course of academic studj which I have marked out for 
the present school year. It contemplates two terms— one to end February 1, and the other 
at the close of the school year. I have arranged the oourse with reference to the three 
classes of apprentices Indicated in your school circular of October 1 (Exhibit V) : 

1. Those in the First Section of the reirular technical oourse — First Term: Algebra, 
Physics, Steam, the ZiOcorootlre Euglncr and Drawing. Second Term : Practical Geometry, 
Phjrslcs, English, and Drawing. 

2. Those who are not now prepared for the First Section, but may be so prepared with 
a reasonable amount of teaching and encourageraeut.t 

First Term: (1) All required to take Drawing one night each week. (3) Each boy 
required to choose two studies from the following: Arithmetic, History and Geography, 
Elementary Physics, Steam, the Locomotive Engine, and English. 

Second Terra : About the same as First. 

S. Apprentices who were not likely to be able to prepare for advanced studies. These 
were to be required to take Drawing one or two nights each week at Mt. Clare, and to 
attend the city nlght-schools.t 

In Justlflcation of our attempt to introduce technical studies with so little preliminary 
preparation on the part of students, I would call attention to the following considerations : 

1. That in English schools boys with no better elementary education than many of our 
boys possess, study these subjects tu night*schools after working all day, and some of 
them pass the Government's examinations in scleuce, and the City and Guilds of London 
examination In technology, with honor. 

3. These studies wlU produce Just as good. If not better, educational results, and have 
more practical value, than the study of the ordinary elementary school-branches. 

3. The study of elementary science experlmeutally illustrated, as we intend it shall be. 
will do much toward awakening an interest In. and showing the utility of, more abstract 
studies, and the boys will learn more mathematics with the science studies then they will 
without them. The science studies will also go far toward creating an Interest in the 
sclentlflc and mechanical books and papers that are in our library, and prepare the boys 
' to profit by such reading. 

At first thought, it may not seem so desirable to have science taught tn apprentices as 
drawing. The drawing produces visible results and its value is therefore much more 
readily appreciated. But if we had some graphic method of representing the results of 
sclence*teachlng— the habits of thought, observation, intelligent inquiry, and definite 
expression that are thus developed— I believe the vote of those concerned would be to 
continue the sclence«teachlng along with the Instruction in drawing. 

t It was found later that this was impracticable. As before stated, experience soon 
showed that it was useless to waste time on boya who had not previously formed some 
habits of study, and so many boys were coming into the service under the provisiun of 
the educational examination that It was decided to devote all the time and resources of 
the school to their advancement. G. P. C. 
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• It has been oar oonstant endeavor to carry the instmction bejond the school- 
room into the shops after the manner set forth in your school circular of 
October 1, 1886. [Exhibit V.] Owing to difficulties which are obvious and in- 
herent to such an undertaking, our progress in this direction has been slow. 
Something has been done, however, in the way of supervision and systematic 
instruction of apprentices in the shops, and our experience in this direction I 
regard as invaluable, so far as it has gone. 

Investigations in the shops by conversations and observation have developed 
the fact that many boys and young men had completed or almost completed 
their apprenticeship in the machine-shops without being able to tell the aiifer- 
ence between cast and wrought iron, without icnowing whether steel is a native 
or marufactured product, and equally ignorant of many other simple though 
important and significant facts which are intimately related to their trades. 

In the performance of his specified duties as shop-instructor, Mr. Scribner 
made a study of the various traaes, machines and processes in the shops, and of 
the successive steps in apprenticeship, with a view to recommending a course 
of shop instruction that should be parallel to the theoretical studies taught in 
the school. By short, pointed conversations with the boys while at their 
machines, which did not at all Interfere with the work they were doing, the 
shop-instructor was enabled to set boys to thinking intelligently about the 
machines and the work upon which they were engaged. In this way the class- 
room instruction could often be immediately applied, and apprentices were 
directed to books and mechanical journals where they could get still further 
knowledge. 

Mr. Scribner also took groups of boys from machine to machine and from shop 
to shop for the purpose of studying machinery and mechanical processes in 
detail and in their relation to each other. Attention was called to the uses of the 
machines and the scientific principles involved in their construction and opera- 
tion, and one class of advanced boys were thus permitted to supplement their 
class-room study of the locomotive engine by seeing its parts and the successive 
steps of its construction.* 

i. It cannot reaaonably be expected that the progreae In study by apprentloes who work 
all day In the shops wUI be anything like as perceptible and efflclent as Is the progress of 
young men in such schools as the Massachusetts Institute of Technology, where only a 
tow hours each week are devoted to shop-work. But by choosing such science studies as 
have the most direct bearing upon the work in the shops, and pushing these studies, 
some progress oan be made. While we will not give as much thediy as Is given In other 
schools, we will give much more praetictt and our present system of shop-Instruction 
contemplates an immediate application of theory, whereas much of the theory In other 
schools is never applied. I believe that, so far as the Interests of the employer are con- 
cerned, more good will result from a technical school In which practice predominates over 
theory, than in one where the reverse Is true. A school as such looks for the hlgheai 
good in each boy, and this is right; but In such a school as we are seeking to build up, 
the problem Is how to make the instruction of such a character as to Justify the employer 
In maintaining the school. This, I believe, oan be done by carrying the instruction not 
merely up to the shops, but dirteUy into them. Tours truly, 

O. P. COLEB, 
Jnttructor in Snglitk and HitUny, 

*(The followlnff extracts from reports of Mr. Scribner, who was principal of the school 
till June, 1880, will aflbrd a general Idea of the work that was attempted In the way of shop- 
Instruction.— W. T. B.) 

Mt. CLABE, NoTtmber 28, 1885. 
Db. W. T. Babvabd, Attitiant to Pretident. 

Dtar 5<r:— My time at Mt. Clare has been taken up much as during the week previous, 
a rather large share being still required for Drawing, as will be the case until we are well 
started. We organized au advanced class of those who have had Drawing before comlns 
here, selected from our Wednesday and Tuesday afternoon clnsses. These are to take up 
Descriptive Oeometry, and will meet for the present on Friday afternoon at S o'clock. 
Every member of the school, some seventy-flve In all, is now having one lesson weekly in 
Mechanical Drawing, the First Section meeting for three hours in the afternoon, and the 
other sections for two hours, at night only. The progress this week has been even more 
satisfactory than last week, and as soon as we get our Instruments and some other neces- 
sary equlpmenu, the Department of Drawing will be fairly on Its feet. In the shop I 
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. It fleems to me that jodioioas and systematic shop-instmotion will do more 
toward bringing about visible ecoiiomio results than any other feature of the 
school. I am firmly conTinced that it is possible to arrange parallel courses oC 

continued the instruction on the locomotf to, taking another set of boys, and expect to be 
able to do still more ot this work next week. 

Besides the shop-instruction I have during the tMst week turned jny attention espe- 
cially to that part ot our present program [Exhibit Y] which refers to studying " the capa- 
bilities and aspirations ot the Tarlous apprentices," beginning with those who constitute 
our First Section. I spent some time in talking with each personally* and find that by 
calling their attention to the real purpose ot their coming here, and the means they must 
use tor their own advancement. It Is always possible to arouse greater interest in their 
•bop- work and their studies. Another result of such questioning Is to point out the need 
of instruction in special subjects which are very important. 

As an example of this, I found that some very intelligent apprentices had no very clear 
Idea ot the difference between wrought and catt iron—a, knowledge which is essential to 
progress and efficiency In shop-work. Ot course, even with no Instruction whatever, they 
could not remain iu the shops very long without getting some notion ot this difference, 
and in certain very practical directions a far better idea, perhaps, than any one has who 
has never w<frked in a machine-shop. Tet it Is manifest that clearer and truer notions 
on such subjects than can be picked up in the shop are needed, even at the outset, and 
will prove Invaluable to them as they go on In their work. 

Another point which I have taken up this week is referred to in our program in these 
words ; " The shop-Instructors shall make a classification ot the regular kinds or pieces of 
work which are oonstantly required In the shop," etc. Here I have commenced where 
our apprentices begin, at present. 

The regular arrangement has been to have them spend a long time at first in turning 
out the boltt used in various parts of the locomotive and elsewhere. I have obtained from 
the Dmwlng-room special information about the kind and number ot these bolts— «ome 
700 in the ordinary looomotlve--and upon the necessary work which these bolts require, 
in the machine-shop, I propose to formulate such a course of instruction as will make the 
work at the '* bolt-lathes," which some boys now find tediously long, a source ot interest 
and usefulness by giving them distinct ideas about the uses of these bolts, the sort ot 
finish they require, and the quickest and best ways of making them. This will be. It Is 
true, an experiment, but a little study shows it quite possible ; tor the great variety of 
uses for these bolts calls tor different degrees In the nicety ot fit and finish to be given 
them, aud this should exercise the boys as to the time each should have, although at first 
this cannot, of course, be left wholly to them. And then, it their attention is called to it» 
the very variety referred to is itself of value, illustrating the many uses of *< the bolt." 
4io, too. with other parts of our program that have special bearing on the work of this 
particular shop, practical methods of work can be outlined. Meanwhile, I need not 
neglect the other shops, though tor particular attention they will have to wait their own 
turn. Very respectfully submitted, 

0. W. BOBIBirEB, Priaeipal. 

MT. GliABS, Z7M<wb«r 19. 1866, 
Pm. W. T. Babharo, AtiUkuU to PruidokL 

Dtar Sir:—VfiMk reference to organization ot shop-work, I have, during the hours not 
spent In individual instruction, been working on three different lines : (1) In arranging 
pieces of work made into a shop-course ; (2) In arranging a definite agreement with fore- 
men ; (3) In determining the way in which Instruction in the use of tools can best be 
given in our shops. 

On the latter point I find that much time is used to small purpose if I talk to apprentices 
separately on this subject, instead of to classes. I have, therefore, decided that, while I 
can continue this to some extent, my best plan will be to teach in small dadaes wherever 
possible; this plan also making the use ot a fixed system much easier. To this end the 
two points first named relate. And (1) the cataloguing of standard shop-pieces has been 
continued, and I purpose to have sketches ot them arriinged In a book, noting on the 

f»age opposite the name and use to be made of each piece, the machine-tools to be used 
n fitting it up, the various cuts to be made and the cutting-tools to be used with each 
machine-tool. This done, they can be classified Into several parallel progressive courses ; 
and though all this consumes time, it will In the end save far more by securing a working 
system so arranged as to give better instruction, to several boys at a time—unquestionably 
a better plan than to give individual instruction only. But all this would avail little, if 
each piece used as an exercise hod to be done oniy under orders fn»m the foremen, to be 
rushed through when time could be 111 afforded for requiring the boy's attention to the 
form of his cutting-tool, and for explaining the reason why each part should be shaped 
as it is, or perhaps at a time when the instructor could not be present; in either case 
merely verbal directions and no working drawings being tMrnished. But while convluoed 
that to work In this way I must have sole control of certain machines at certain hours, 
and of the work to be done on the *' instruction-pieces," I was not first to suggest it, as I 
had to be sure that such a plan would not delay the work ; and while one clause ot our 
shop program gives the instructor the use of Idle machinery, another states that ** the 
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instmction for the school and for the shops of such a character that the shop- 
work will create and intensify interest in tne school-work and vice vena. 

In the management of the Mt. Clare school we have endeavored to get boys 
interested in r^uling the history and development, and in knowing something 
of the present status, of their several trades and industries. It is reasonable to 
expect the workers of iron and steel to have some knowledge of the history of 
the iron and steel industries ; that electricians should know the past, present, 
and prospective future of electricity ; also, that engineers shoula know about 
the history of the steam engine and the various steps in the invention and 
improvement of it. This method of special historical study and investigation 
of industrial subjects will serve the two-fold purpose of promoting intelligence 
and stimulating and directing invention. The workman who has inventive 
genius will be much more likely to develop it and to avoid wasting his time on 
what has been already worked out, if he knows what has been done in past ages 
in the field of his specialty. 

One of our great difficulties is to find books that will furnish both in- 
teresting and profitable technical reading for boys who are to become railway 
mechanics or operatives. A literature tor apprentices needs to be written. 
Another hindrance to our work is the absence of text-books bearing on railway 
industries. The efficiency of any industrial school is dependent upon the adapta- 
tion ci text-books to the purpose for which the school was established. Our 
teachers have had to work up new subjects for class-instruction, and they often 
feel the need of text-boote on these subjects. If such schools become common, 
suitable text-books will no doubt be forthcoming from enterprising publishers. 

Instruction for apprentices must at first deal with things imm^iately aronnd 
them and proceed from these to things more remote and general. I am quite 
certain that the way to success in such a school as we want to establish at Mt. 
Clare for regular apprentices, and even for Cadets, lies not so much in the class- 
room drills, valuable as these may be made, as it does in each teacher*s ascer- 
taining the special aptitudes and inclinations of the different boys, and then, 
when that aptitude runs in the direction of the tmcher's specialty, in its being 
developed to the highest possibilities by class-instruction, by a judicious courM 
of reaoiiig, by shop practice and instruction, and by personal influence in con* 
▼ersations and otherwise, of the teachers upon the students. 

With reference to what the school is accomplishing this year, I am glad that I 
c^ report satisfactory results, considering the disadvantages under which we are 
compelled to work. As the result of the educational examination and the induce- 
ments whieh the Technological School offers to aspiring boys and young men, we 
now have at Mt. Clare, in the shops and enrolled in the school, about seventy ap- 
prentices whose ability is good and whose early education has not been wholly 
neglected. Instruction is given in Drawing, Descriptive Geometry, Physics, 
Mechanics, Algebra, and Geometry. There is a strong demand for classes in 

foremen shall have andiaputed right to saj what work shall be done by the apprentices 
and when It ahall be done," and that the Instructor's recommendations in such matters 
shall be made first to them. I am glad to say. therefore, that such recommendations as I 
have made have been followed, not as yet by the foreman's enforcing them, but by his 
suggestlDff. himself, that it would be much better and simpler to detail certain machinery 
at certain nours tor instruction-purposes, fully assenting to the value of a fixed course of 
teaching when done in this way on selected pieces to which time could be given. I then 
proposed this plan to the Master Mechanic, who not only at once assented, but said he 
felt sure that this method would give the best results, and was in fact the only one to 
follow. And now, since this proposition has come from the shop. I can feel sure that it is 
the most practicable for us, and the most practical, too, at least in the sense of giving 
satisfaction to all. 

I referred above to the tact that the boys used no drawings. I now Intend that all this 
special work shall be done from drawings exclusively, and later on the boys can work 
from drawings which they have themselves made In the school— not, of course, their 
designs, but made by them from measurements of the finished piece and approved by 
the head draughtsman of our works. Thus all boys so trained will be able to do all their 
work from standard shop-drawings, whenever such a system shall be brought into more 
general use In our shops than is at present the case. 

Very respectfully submitted, 

C. W. SOBZBKEB, PriBWipdL 
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Steam, the Locomotive Engine, Mensuration, and other technical subjects, as well 
as for systematic shop-instruction, but the limited fund at our command prohibita 
the employment of teachers for these classes. For the advanced instruction that is 
now in progress I may refer you to the reports of the Instructor in Drawing, and 
of the Instructor in Mechanics and Physics, both of which are enclosed here- 
with. In addition to the class-instruction, books are given out to be read and 
reported on, and attention is frequently called to the mechanical journals on the 
library table. Some of the boys draw back numbers of these journals from the 
library in order to read them at their homes. It is our purpoee to continue the 
illustrated lectures on scientific and mechanical subjects. These occur every 
week or every two weeks, and at the close of the lectures opportunity is afforded 
for asking questions and discussing the points that have been presented. Stu- 
dents ana other employes at Mt. Clare attend these lectures. Occasionally a 
half hour after the lecture is spent in a social way, so that teachers, students 
end visitors are enabled to become acquainted. In this way much is done 
toward begetting a feeling of esprit de corps on the part of all who are pres- 
ent. Although, on account of the pressing demand for new engines, many of 
the apprentices are this year required to work in the shops from two to four 
nights each week, our classes have, nevertheless, made commendable progress in 
their studies— their advancement and interest this year being by far the most 
satisfactory to the teachers, of anything that has been known since the school 
was organized. 

The fact that boys of ability will enter the shops to get a trade and an educa- 
tion at the same time, and that they can and will learn nnder circumstances so 
discouraging as those resulting from our limited facilities for instruction and from 
the requirements of night- work in the shops, goes to show the desirability and the 
economic value of school-instruction in connection with workshops. 

That progress in school-studies was at all possible under sucn circumstances 
is to be attributed to the superior ability and praiseworthy perseverance of the 
apprentices that have lately entered the service. 

Many of these young men are soon able to do a joumejrman's work and to increase 
the efficiency of the shops in numerous ways by their intelligence and quickness of 
perception. They are willing to accept apprentice wages for their services in 
order that they may advantage by our class-instruction. But I very much 
doubt whether we can hold the best of these young men unless they are afforded 
more instruction than they now have. Some of them are talking of going else- 
where to enter school, and I cannot blame them for their dissatisfaction with our 
present school facilities. 

Of the young men who have become apprentices since the inauguration of the 
school, our records show that the number who have been at least two years in 
their several institutions are as follows : Baltimore City College, 5 ; other high 
schools, 7 ; McDonogh School, 2 ; University of Alabama, 1 ; St. John's Col- 
lege, 1 ; Johns Hopkins University, 1 (one year only) ; Naval Academy, 1 ; St. 
Louis Manual Training School, 1. Three boys have come from the Baltimore 
Manual Training School. A number of other boys have attended academies or 
good grammar schools, aYid not a few have come from the country. Although 
the previous school advantages of these country bovs have not been very great, 
they are nevertheless among the most faithful and earnest workers in the Mt. 
Clare school and shops, and are making good headway in their school and shops. 

We have constantly endeavored to do the most that could be done, with our 
limited focilities, toward advancing the individual interests of boys who have 
oome here for the purpose of obtaining an education while learning their trades. 
But we have not lost sight of the fact that in a school of this character, sus- 
tained by a corporation in connection with its shops, the highest good should 
be looked for in the furtherance of the material interests of those whose money 
goes to pay for the instruction. Our efforts to make the instruction practical 
and, as fur as possible, of immediate usefulness to the Company, have already 
been recognizea and appreciated by some of the heads of departments. We 
have been asked to recommend young men for positions requiring ^itelligence 
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and skill, and the demand for joung men specifically qualified for certain posi- 
tions is now greater than we can snpplj. 

The edacational requirements for apprenticeship have greatlj impmred the 
character and ability of apprentices at Mt. Glare. That industrial corporations 
should recognize the ralue of common-school training to such an extent as to make 
educational qualifications a condition of admission to their shops for the purftose of 
learning a tnde, is an important movement in both education and industry. I 
would recommend that the monthly educational examination be extended, under 
the management of the school, to shops along the entire line. This can be done by 
sending the questions each month to the managers of the rarious shops, who 
should see that they are submitted to applicants for apprenticeship. The papers 
could then be sent to Mt. Glare to be looked oTcr, graded, and returned to the 

g roper authorities. The standard would of course have to be very low at first, 
ut it could be elevated from month to month. The expense in this matter 
would be insignificant compared with the important economic results that 
could thus be attained. 

In conclusion I will briefly summarize what has been accomplished by the 
school and its management since it was inaugurated : 

1. The examination of 147 apprentices at Mt. Glare, and of 850 apprentices 
along the line, who were in the service when the school began. 

2. The maintenance since March, 1885, of an educational examination as a 
condition of admission to apprenticeship at Mt. Glare. 

8. The instniction in drawing and in elementary subjects of about forty appren- 
tices who had been received into the service before the inauguration of the 
school. 

4. The admission to apprenticeship of more than 100 boys, many of whom had 
already laid the foundation for technical training. Some of these young men 
do the work of journeymen, for which they are willing to receive very low wages 
on account of the school-instruction. 

5. For more than a year we have been giving these young men the very best 
technical training in drawing, descriptive geometry, physics, mechanics and the 
locomotive engine, besides in the more general subjects of algebra, geometry, 
history, English, etc. 

fi. Our teuchers, in their endeavors to make their instruction practical, have 
gone into the shops to study the machines, trades and manipulative processes, 
and to become acquainted with the boys while engaged in the performance of 
shop-duties. 

7. Shop-instruction and supervision on a practical and systematic basis has 
been attempted, and to a certain extent carried out. The experience thus gained 
will be invaluable in future. 

8. A number of problems, drawings, etc., have been prepared by our teachers 
from data gathered in and about the shops, and the use of these enables the 
instructors to make the instruction much more interesting and profitable than 
It would have been had the instructors relied solely' on the use of text-books. 

0. The nucleus of a physical laboratory for class-instruction and experiments 
by students has been formed. 

10. A classification of the various steps of apprenticeship has been attempted, 
and some headway has been made toward that end, with a view to correcting 
errors in existing methods of apprentice-work and adapting the school-instruction 
to the wants of the shop. EfTorts have also been made toward working out 
systematic plans of shop-instruction for educational results. 

11. An important and extensive collection of scientific and mechanical books 
and magazines has been carefully made for the library. 

12. Apprentices have, through the sch(X)l, been brought into intimate relations 
with the library, and have thus been induced to do a considerable amount of 
useful reading. 

18. Although we hare not yet succeeded in putting the Gadet classes into 
operatk)n, much prejudice has been overcome, and many who at first did not 
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believe in such a school have been led to see that school-instruction as supple- 
mentary to apprenticeship is both possible and desirable. 

14. The knowledge of the maintenance of such a school bj the Baltimore and 
Ohio Company has spread through the community and the country at large, and 
has given the company credit for manifesting a tangible interest in the welfare 
of its employes, and for thus adopting efficient and practical measures toward 
the effectual solution of labor problems. 

Already other railway companies have indicated their intention to adopt 
certain features of our school-work in their shops. 

16. Finally, the managers and teachers of the school have gained much 
practical experience that will be of great service in the future management of 
the school. The way has been prepared for the organization of the Cadet 
classes, and young men are read^ to enter upon advanced courses of study as 
soon as these classes can be organized. 

Very truly yours, 

G. P. CoLEB, PrincipcU. 

DEPARTMENT OP DRAWING. 

G. P. CoLBR, Principal. 

Dear Sir :— When the instruction of apprentices in drawing first began, but 
little could be accomplished, owing to two causes: 1st. The character of the 
students; 2d. Lack of facilities. With only a few exceptions the students 
then in the school were those who had been for some time in the service, who had 
entered sironly for work, and not with any idea or desire for '* schooling,*' 
and who had been conditionally admitted to the school on an entrance grade 
far below the regular passing-mark. Their capacity for instruction was so 
limited as to render any attempts at it very discouraging. No drawing instru- 
ments were obtained for some time, and consequently no mechanical drawing 
was done at first, and the instruction consisted entirely of free-hand drawing. 

Since then the condition of affairs has changed very much for the better. 
Drawing instruments were purchased and other facilities provided. The work 
in free-hand drawing is now equipped with a set of Prang s Drawing Models, a 
partial set of compressed paper *' modules en relief," and a few other models 
made at the school. The work in projective drawing is illustrated by a set of 
models showing the intersections of various geometrical solids by planes or by other 
solids. The most of these last-mentioned models were made by myself, and the 
list is rapidly being increased. The work in machine drawing is aided by a set of 
Thome's working drawings which illustrate the best methods of practice. 

The grade of the entrance examinations is now more rigid, and the larger pan 
of the old students have either left the school, completed their apprenticeship, or 
have been dropped from school-work for incapacity. Raising the grade of the 
school-work is having a very noticeable result in the corresponding improvement 
in the character of the apprentices now in the service. Of t hose who have entered 
the service since the organization of the school, the majority are young men who 
would never have entered as apprentices except for the school, and it has come to 
my personal knowledge that some of the best of them are only continuing in the 
service in the hopes of the speedy enlargement of the facilities of the school. 
There are some cases of students showing an aptitude for drawing amounting 
almost to genius, and who already do work which, on the score of neatneas, will 
compare favorably with that of the majority of professional draughtsmen, and 
who only need additional training in the technicalities of draughting to make 
them proficient draughtsmen, and valuable material from which the company 
may recruit for their drawing-rooms. One of the apprentices has already been 
advanced from the machine-shop to the draughting department, and only recently 
we had occasion to recommend another apprentice in answer to a call for another 
student for the same purpose. 
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On February 1, 1886, there were 78 students in the drawing classes of the 
school. Of these, 80 are still in the school. The remaining 48 have either left 
for cause, or have been dropped from school-work because they showed an 
incapacity or unwillingness to learn that made it impolitic to waste further 
energies en them. There are at present 58 students in the various drawing 
classes. The number is steadily increasing, the additions being invariably of a 
much higher grade than any of the apprentices were at the formation of the 
school. 

The course in drawing now consists of a first-year class in geometrical drawing, 
a second-year class in projective drawing, a third *year class in machine drawing, 
a class in free-hand drawing, and a class in descriptive geometry. The instruc- 
tion is almost entirely 'individual'' instruction rather than "class" instnic-' 
tion— this plan rendering it possible for each student to progress as fast as his 
ability warrants, and allowing his work to be slightly varied as his future 
requirements may demand. The drawings sent to you not long ago are a fair 
exponent of the system of drawing at present followed in the school. As soon 
as a proposed sectional model of a steam engine can be obtained, the instruction 
in machine drawing will be amended to include the making of working drawings 
direct from the models. The class in machine drawing is now engaged on 
the subject of spur gearing, and this will be followed by work in bevel and worm 
gearing. It is intended ultimately to give a systematic course in machine 
design. Very respectfully, 

Walter L. Webb, 

December 81, 1886. Instructor in Drawing. 

DEPARTMENT OP MECHANICS AND PHYSICS. 

G. P. CoLKR, Principal, 

Dear Sir : — Instruction in science was not begun until the school had been in 
operation for some time. A class in physics was first formed, and this year one 
in mechanics was organized . I n addition to th i s regular work, occasional lectures 
have been given to other classes or to the whole school. My connection with the 
school began February last. There have been under my charge about seventy 
apprentices, in classes ranging from twelve to thirty members. 

The aim has been to impart a knowledge of some of the elementary and funda- 
mental principles and laws of the subjects considered, to illustrate them by 
experiment, to direct attention to their important applications, and especially 
to awaken an interest in this kind of study and cultivate habits of thoughtfulneis 
and a desire for an intelligent understanding of the things which fall immediately 
to the notice of the student, such as the principles involved in the machinery he 
uses. It has been borne in mind also that these subjects are the necessary 
foundation for subsequent study of mechanism, the steam engine and other 
advanced and technical subjects, and especial attention has therefore been given to 
those topics which are of most importance as preparation for such subjects. 

The method of instruction has been rather an experimental presentation of the 
subjects at hand, together with questions and class discussion, than ordinary 
text-book recitation. The boys have naturally shown a particular liking for 
experiments, and this has been encouraged by the introduction of such experi- 
ments as have been practicable. They are not made mere shows, but are pre- 
sented in such a way as to demand careful consideration of the methods employed 
and the results obtained. The class in mechanics, for example, arrives at 
principles and laws as the result of experiment ; these are then applied to the 
solution of problems, many of which are to be determined both by the law and 
as the result of special experiment. Among the latter may be mentioned the 
determination of the pressures of variously loaded beams upon their supports, 
and of the tension on the tie-rod of a crane of given form when supporting a 
known weight. A considerable part of this work is performed by the boys 
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themselves. This, besides giving clear understanding and increased interest, 
serves to make a direct connection between actual and theoretical work ; it shows 
the way in which theoretical study may benefit the practical workman, and also 
leads to habits of considering and methods of dealing with real and practical 
problems at first hand» 

Several causes have tended to make the results less satisfactory than they 
might otherwise have been. Many of the boys have had no previous study or 
training in this kind of work and are prepared onl v for what is most elementary ; 
the classes have not been well graded, aud that which is too advanced for some 
is already very familiar to others ; the attendance has been made irregular and 
the time for study (which is meagre at best) has been seriously interfered with 
by night-work in the shops ; there has been almost no apparatus except that 
constructed with limited facilities by the instructor. One of the most valuable 
results, however, is the change in the attitude of the boys as a class toward study 
and school-work. At first it seemed that the boys attended their classes simply 
because they were compelled to do so ; they manifested little desire for anythmg 
better than not to go to school. It was then a difficult matter to even hold the 
attention of a class. During last year there was marked improvement in scholar- 
ship and interest, which was, 1 think, furthered by occasional visits to the shops 
and short talks with the boys concerning their school and shop-work. This year 
opened with fresh earnestness and spirit. The improvement made by those 
attending last year, and the superior class of apprentices who have recently 
entered the service (many of whom have done so especially to avail of com- 
bined shop and school advantages), render the instruction much more satisfactory, 
both as regards the grade of the work and the spirit with which it is done. 

The marked change which the school has undergone during the past year is, 
in my estimation, a matter of congratulation and gratifying surprise. The 
influence of the school in raising the character and general intelligence of the 
apprentices, their ambition to improve, and their increased earnestness, cannot 
biit lead to most satisfactory results in their value and efficiency as workmen. 

Very respectfully, 

Chas. p. Scott, 

December 31, 1886. Inaiructor in Mechanics and Physics, 



Exhibit X. 

This exhibit contains a graphical representation (pp. 68-9) of Baltimore's 
school system as it is and as it should be. It will be seen by the first diagram 
that the provision for industrial training is practically nothing, and that there is 
no connection between our school system and the university. But little more than 
one-half of the children who enter the primair grades ever pass into the grammar 
grade. Some of the others enter private schools, but very many of them quit 
school to reinforce the ignorant, the vicious, and the criminal classes. One 
reason of this is that their parents do not see much in the grammar-school 
course that will be of use to children who have to make their living by manual 
labor. In addition to the subjects that are now taught in the grammar grades, 
there ought to be practical instruction in industrial drawing, experimental 
science, and physiology and hygiene. Instruction should also be given in the 
grammar grade to girls in cooking and sewing, and to boys in the use and care of 
tools. With such additions to the grammar-school studies, more boys and girls 
would be Induced to complete that course, and thus be fitted for high-scnool 
studies. Those who from inclination or force of circumstances left school after 
completing the grammar-school course, would enter upon their life-work with 
a fair amount of elementary education and with habits of study sufficiently 
well fixed to make self -improvement possible. 



BALTIMORE SCHOOL SYSTEM. 



Diagrams representing by areas the attendance as it is and as it should be. 

AS IT IS. 

J. U. Uhivertity. 



High School. 
1.800. 



Manual Training 
School. 




150. 



Orammar Gradeg. 
15.000. 



Primary Grada. 
24.000. 



Scale 4.000 to square inch. 

*The diagrams show the University in its relation to the city school system, without 
regard t» other sources from which students are drawn. 



AS IT SHOULD BE. 



•See footnote, p. 68. 
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High School. 



Induttriah 
8.000. 



LiUrary. 
3.000. 



Orammar OratUs. 



24.000. 



Prinutry Grades. 
33.000. 



Scale 4,000 to square Inch. 
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The grammar school should fit boys and girls for either a literary or an indus- 
trial high-school course, and for such art schools as the Maryland Institute. 

The literary high school fits young people for commercial pursuits, for law, 
medical, or theological studies, and for college courses. It is certainly only fair 
that the school system should make equal provision for the preparatory training 
of those who are to become mechanics, architects, engineers, etc. , and thus fit them 
for the higher training that is afforded in purely technical schools. The literary 
high schools of Baltimore cost $76,000 a year, while only $12,000 a year is 
allowed for industrial training in the Manual Training School. 

The literary high-school course should continue as it is, with some slight 
modifications. An industrial high school should be provided for on a scale as 
large as the literary high school now is. The course of study should include 
manual training, industrial drawing, applied science, mechanic arts, book- 
keeping, and history, government, etc., together with some literary studies. 
There ought to be a close connection between* the literary and industrial high 
schools, so that students could change readily from one to the other. Some of 
the classes might be in common with mutual advantage. 

The Johns Hopkins University should be considered as a part of the Baltimore 
school system, and its crowning glory. To maintain this position it should 
afford instruction in applied as well as in pure science. 
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